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LONG-ACTING COAGULATION FACTORS
AND METHODS OF PRODUCING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 13/759,860, filed on Feb. 5, 2013, which
is a continuation-in-part of U.S. patent application Ser. No.
13/372,540, filed Feb. 14, 2012, which is a continuation-in-
part of U.S. patent application Ser. No. 12/826,754, filed Jun.
30, 2010, which claims the benefit of U.S. Provisional Appli-
cation Ser. No. 61/224,366, filed Jul. 9, 2009, all of which are
hereby incorporated in their entirety herein.

FIELD OF INVENTION

Polypeptides comprising at least one carboxy-terminal
peptide (CTP) of chorionic gonadotrophin attached to the
carboxy terminus of a coagulation factor and polynucleotides
encoding the same are disclosed. Pharmaceutical composi-
tions comprising the polypeptides and polynucleotides of the
invention and methods of using and producing same are also
disclosed.

BACKGROUND OF THE INVENTION

The development of coagulation factor replacement
therapy has transformed the lives of many individuals with
hemophilia. Hemophilia is a group of hereditary genetic dis-
orders that impair the body’s ability to control blood clotting
or coagulation. Patients with hemophilia do not produce
adequate amounts of Factor VIII or Factor IX proteins, which
are necessary for effective blood clotting. In severe hemo-
philiacs even a minor injury can result in blood loss that
continues for days or weeks, and complete healing may not
occur, leading to the potential for debilitating permanent
damage to joints and other organs, and premature death.

One type of hemophilia, Hemophilia B, is an X-linked
bleeding disorder caused by a mutation in the Factor IX (FIX)
gene, resulting in a deficiency of the procoagulant activity of
FIX. Hemophilia B patients have spontaneous soft tissue
hemorrhages and recurrent hemarthroses that often lead to a
crippling arthopathy. Current treatment for these patients
includes an intravenous administration of recombinant FIX.
However issues of cost and relatively rapid clearance of FIX
from the circulation make developing a long-acting FIX a
challenging task.

Commercial availability of FVIII and FIX has led to
improved control of life-threatening bleedings episodes.
Many patients receive prophylactic therapy, which reduces
the risk of bleeding and its associated complications. How-
ever, a significant proportion of patients (10-30%) develop
inhibitory antibodies to exogenously administered FVIII and
FIX. Administration of FVIla, which is a bypassing product,
can induce homeostasis and provide an effective treatment for
patients with inhibitory Abs.

Recombinant FVIIa (NovoSeven®) is commercially avail-
able and was approved in 1996 for treatment of bleeding
episodes in hemophilia patients with inhibitors. However,
rFVIlais rapidly cleared with a terminal half-life of 2.5 hours.
As a result, patients generally require multiple, frequent infu-
sions (2-3 doses given in 2-3 hour intervals) to achieve
adequate homeostasis following a mild to moderate bleed.
Consequently, there is much interest in developing a long-
acting form of FVIla that would prolong the duration of
haemostatic activity following a single dose and allow much

10

15

20

25

30

35

40

45

50

55

60

65

2

less frequent dosing. A long-acting FVIlawould also increase
the feasibility of long-term prophylactic therapy.

Various technologies are being developed for prolonging
the half-life of FVIla. However, there remains a need to
achieve a prolonged half-life of this protein while preserving
its biological activity and ensuring that the modifications do
not induce significant immunogenicity. The present invention
addresses this need by attaching gonadotrophin carboxy ter-
minal peptides (CTPs) to FVIla, thereby modifying it to
prolong its half-life and biological activity.

SUMMARY OF THE INVENTION

In one embodiment, the present invention relates to a CTP-
modified Factor VII (FVII) polypeptide consisting of a FVII
polypeptide and three to five gonadotropin carboxy terminal
peptides (CTPs) attached to the carboxy terminus of said
CTP-modified FVII polypeptide.

In another embodiment, the present invention relates to a
method of extending the biological half-life, improving the
area under the curve (AUC), reducing the dosing frequency,
or reducing the clearance rate of a Factor VII (FVII) polypep-
tide, comprising the step of attaching three to five chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FVII polypeptide, thereby extending
the biological half-life of said FVII polypeptide.

In one embodiment, the present invention relates to a
method of producing a CTP-modified Factor VII (FVII)
polypeptide, comprising the step of attaching three to five
chorionic gonatodrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FVII polypeptide, thereby
producing a CTP-modified FVII polypeptide.

In another embodiment, the present invention relates to a
method of preventing a blood clotting or coagulation disorder
in a subject, the method comprising the step of administering
to the subject a CTP-modified coagulation factor, comprising
three to five chorionic gonadotrophin carboxy terminal pep-
tides (CTPs) attached to the carboxy terminus of said FVII
polypeptide, thereby preventing hemophilia in said subject.

In another embodiment, the present invention relates to a
method of treating a blood clotting or coagulation disorder in
a subject, the method comprising the step of administering to
the subject a CTP-modified coagulation factor, comprising
three to five chorionic gonadotrophin carboxy terminal pep-
tides (CTPs) attached to the carboxy terminus of said coagu-
lation factor, thereby preventing hemophilia in said subject.

Other features and advantages of the present invention will
become apparent from the following detailed description
examples and figures. It should be understood, however, that
the detailed description and the specific examples while indi-
cating preferred embodiments of the invention are given by
way of illustration only, since various changes and modifica-
tions within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1A. Shows a bar graph showing harvests limited,
diluted, transfected, and selected cells with FIX-CTP and
FIX-CTP-CTP variants in the presence of 5 pg/ml of Vitamin
K3.Thelevel of FIX was quantified using Human FIX ELISA
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kit (Affinity Biologicals; Cat. No. FIX-AG RUO), and the
calculated protein concentration (ig/ml) is the average of two
independent runs.

FIG. 1B. Shows SDS-PAGE gel micrographs of FIX Ab
recognition and depicts recognition of anti-FIX antibody in
Western-blot; Lane 1 in FIG. 1B was loaded with a sample
containing recombinant FIX; Lane 2 in FIG. 1B was loaded
with a sample containing FIX-CTP harvests. Lane 3 in FIG.
1B was loaded with a sample containing FIX-(CTP), harvest.

FIG. 1C. Shows SDS-PAGE gel micrographs of FIX Ab
recognition. FIG. 1C depicts recognition of anti-y carboxyla-
tion antibody in Western-blot. Lane 1 in FIG. 1C was loaded
with a sample containing recombinant FIX. Lane 2in FIG. 1C
was loaded with a sample containing FIX-CTP harvests. Lane
3 in FIG. 1C was loaded with a sample containing FIX-
(CTP), harvest.

FIG. 2. Shows a graph showing FIX-CTP and FIX-(CTP),
harvests comparative chromogenic activity (measured by a
the ECs,. concentration) compared to rhFIX (American
Diagnostics).

FIG. 3. Shows a graph showing PK profile of thFIX, har-
vest of FIX-CTP-CTP, and harvest of FIX-CTP.

FIG. 4. Shows a bar graph showing harvests of FIX-CTP
and FIX-CTP-CTP harvests and FIX-CTP-CTP purified pro-
tein FIX antigen level as determined using Human FIX
ELISA kit (Affinity Biologicals; cat. No. FIX-AG RUO). The
calculated protein concentration (ig/ml) is the average of two
independent runs.

FIG. 5A. Shows SDS-PAGE gel micrographs of FIX Ab
recognition and depicts a coomassie blue staining. Lane 1 was
loaded with a sample containing FIX-(CTP),. Lane 2 was
loaded with a sample containing unbound FIX-(CTP),. Lane
3 was loaded with a sample containing a concentrated elution
of FIX-(CTP),.

FIG. 5B. Shows SDS-PAGE gel micrographs of FIX Ab
recognition and depicts recognition of anti-FIX antibody in
Western-blot. Lane 1 was loaded with a sample containing
FIX-(CTP),. Lane 2 was loaded with a sample containing
unbound FIX-(CTP),. Lane 3 was loaded with a sample con-
taining a concentrated elution of FIX-(CTP),.

FIG. 5C. Shows SDS-PAGE gel micrographs of FIX Ab
recognition and depicts recognition of anti-y carboxylation
antibody in Western-blot. Lane 1 was loaded with a sample
containing FIX-(CTP),. Lane 2 was loaded with a sample
containing unbound FIX-(CTP),. Lane 3 was loaded with a
sample containing a concentrated elution of FIX-(CTP),.

FIG. 6. Shows a graph showing FIX-(CTP), chromogenic
activity (sample concentration/O.D.) compared to human
normal pool plasma and rhFIX (American Diagnostics).

FIG. 7. Shows a graph showing the PK profile of purified
FIX-CTP-CTP, rhFIX, harvest of FIX-CTP-CTP, and harvest
of FIX-CTP.

FIG. 8A. Shows an anti-CTP and anti-gamma carboxyla-
tion antibodies Western blots of FIX fused to three, four or
five CTPs. FIX-CTP,, FIX-CTP,, and FIX-CTP; harvests
were loaded on 12% Tris-Glycine gel using Precision plus
dual color protein marker (Bio-Rad). The SDS-PAGE analy-
sis was performed by Western immuno-blot using anti-CTP
polyclonal Ab (Adar Biotech Production).

FIG. 8B. Shows an anti-CTP and anti-gamma carboxyla-
tion antibodies Western blots of FIX fused to three, four or
five CTPs. FIX-CTP,, FIX-CTP,, and FIX-CTP; harvests
were loaded on 12% Tris-Glycine gel using Precision plus
dual color protein marker (Bio-Rad). The SDS-PAGE analy-
sis was performed by Western immuno-blot using anti-Gla
Ab (American Diagnostica).
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FIG. 9. Shows a coomassie blue detection of FIX-CTP;,
FIX-CTP,, and FIX-CTP,. After a purification process uti-
lizing Jacalin column (immunoaffinity purification of glyco-
sylated proteins), FIX-CTP;, FIX-CTP,, and FIX-CTP were
loaded on 12% Tris-Glycine gel using Precision Plus Dual
Color Protein Marker (Bio-Rad). The SDS-PAGE was
stained by Coomassie blue dye for sample detection.

FIG. 10. Shows FIX Chromogenic activity. A comparative
assessment of the in vitro potency of fully purified (HA col-
umn) FIX-CTP; FIX-CTP, and FIX-CTPs versus human
pool normal plasma was performed using a commercially
available chromogenic activity test kit, BIOPHEN (Hyphen
BioMed 221802). All samples were serially diluted and the
potency was assessed by comparing a dose response curve to
a reference preparation consisting of normal human plasma.

FIG. 11. Shows the comparative pharmacokinetic (PK)
profile of FIX-CTP; FIX-CTP, and FIX-CTP,. FIX concen-
tration in plasma samples were quantified using human FIX
Elisa kits (Affinity Biologicals). Pharmacokinetic profile was
calculated and is the mean of 3 animals at each time point.
Terminal half-lives were calculated using PK Solutions 2.0
software.

FIG. 12A. Shows the FIX-CTP; SDS-PAGE analysis—
Coomassie SDS-PAGE. FIX-CTP, y-carboxylated enriched
protein, thFIX and rF1Xa (activated FIX) were loaded on 12%
Tris-Glycine gel using Precision Plus Dual Color Protein
Marker (Bio-Rad). The SDS-PAGE Coomassie analysis was
performed by staining the gel with Commasie blue reagent
(800 ng of protein).

FIG. 12B. Shows the FIX-CTP; SDS-PAGE analysis—
Coomassie SDS-PAGE. FIX-CTP, y-carboxylated enriched
protein, thFIX and rF1Xa (activated FIX) were loaded on 12%
Tris-Glycine gel using Precision Plus Dual Color Protein
Marker (Bio-Rad). A Western immunoblot was performed
using 100 ng of protein with anti-human FIX polyclonal Ab.

FIG. 12C. Shows the FIX-CTP,; SDS-PAGE analysis—
Coomassie SDS-PAGE. FIX-CTP, y-carboxylated enriched
protein, thFIX and rF1Xa (activated FIX) were loaded on 12%
Tris-Glycine gel using Precision Plus Dual Color Protein
Marker (Bio-Rad). A Western immunoblot was performed
using 100 ng of protein with anti-human gamma carboxyla-
tion monoclonal antibody (American Diagnostics Cat #499,
3570).

FIG. 12D. Shows the FIX-CTP; SDS-PAGE analysis—
Coomassie SDS-PAGE. FIX-CTP, y-carboxylated enriched
protein, thFIX and rF1Xa (activated FIX) were loaded on 12%
Tris-Glycine gel using Precision Plus Dual Color Protein
Marker (Bio-Rad). A Western immunoblot was performed
using 100 ng of protein with anti-FIX pro-peptide polyclonal
Ab (FIG. 12D).

FIG. 12E. Shows the FIX-CTP; SDS-PAGE analysis—
Coomassie SDS-PAGE. FIX-CTP, y-carboxylated enriched
protein, thFIX and rF1Xa (activated FIX) were loaded on 12%
Tris-Glycine gel using Precision Plus Dual Color Protein
Marker (Bio-Rad). A Western immunoblot was performed
using 100 ng of protein with anti-CTP polyclonal Ab.

FIG. 13. Shows the FIX-CTP; chromogenic activity. A
comparative assessment of the in vitro potency of FIX-CTP;
harvest and FIX-CTP; y-carboxylated enriched protein, ver-
sus human pool normal plasma was performed using a com-
mercially available chromogenic activity test kit, BIOPHEN
(Hyphen BioMed 221802). FIX-CTP; harvest and protein
were serially diluted, and the potency was assessed by com-
paring a dose-response curve to a reference preparation con-
sisting of normal human plasma.

FIG. 14. Shows the comparative clotting time. An in vitro
aPTT (activated Partial Thrombin Time Assay) was per-
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formed comparing the clotting activity of FIX-CTP; to Ben-
eFIX. The proteins were serially diluted and spiked into
human FIX-depleted plasma, and the clotting time was evalu-
ated.

FIG. 15. Shows FIX-CTP; comparative PK profile. FIX
concentration was quantitated using human FIX ELISA kits
(Affinity Biologicals; Cat. #F1X-AG RUO). The pharmaco-
kinetic profile was calculated for each protein and is the mean
of 3 animals at each time point.

FIG. 16A. In parallel to PK sampling, FIX-deficient ani-
mals administered with FIX-CTP;, citrated plasma samples,
were evaluated for their clotting activity by aPTT assay,
which was translated to % activity. The % activity at each
collection point was calculated as the current clotting time/
clotting time of normal pool mice plasma*100.

FIG. 16B. In parallel to PK sampling, FIX-deficient ani-
mals administered with either BeneFIX®, citrated plasma
samples, were evaluated for their clotting activity by aPTT
assay, which was translated to % activity. The % activity at
each collection point was calculated as the current clotting
time/clotting time of normal pool mice plasma*100.

FIG. 17A. Shows a first challenge bleeding parameters.
FIX-deficient mice were administered a single intravenous
injection of 100 IU/Kg of BeneFIX® or rFIX-CTP;. The tail
vein was slightly clipped 48 hours post-dosing and tail vein
bleeding time (TVBT) was evaluated. A second bleeding
challenge was performed 15 minutes after reaching homeo-
stasis, and the same parameters were measured.

FIG. 17B. Shows a first challenge bleeding parameters.
FIX-deficient mice were administered a single intravenous
injection of 100 IU/Kg of BeneFIX® or rFIX-CTP;. The tail
vein was slightly clipped 48 hours post-dosing and tail vein
bleeding time (TVBT) was evaluated. A second bleeding
challenge was performed 15 minutes after reaching homeo-
stasis, and the same parameters were measured.

FIG. 17C. Shows a first challenge bleeding parameters.
FIX-deficient mice were administered a single intravenous
injection of 100 IU/Kg of BeneFIX® or rFIX-CTP;. The tail
vein was slightly clipped 48 hours post-dosing and bleeding
intensity (hemoglobin OD) was evaluated. A second bleeding
challenge was performed 15 minutes after reaching homeo-
stasis, and the same parameters were measured.

FIG. 17D. Shows a first challenge bleeding parameters.
FIX-deficient mice were administered a single intravenous
injection of 100 IU/Kg of BeneFIX® or rFIX-CTP;. The tail
vein was slightly clipped 48 hours post-dosing and bleeding
intensity (hemoglobin OD) was evaluated. A second bleeding
challenge was performed 15 minutes after reaching homeo-
stasis, and the same parameters were measured.

FIG. 18A. Shows a second challenge bleeding parameters.
Once the first bleeding described in the legend to FIG. 19 was
spontaneously or manually stopped, a second bleeding chal-
lenge was performed 15 minutes following the first one, and
the time was re-measured.

FIG. 18B. Shows a second challenge bleeding parameters.
Once the first bleeding described in the legend to FIG. 19 was
spontaneously or manually stopped, a second bleeding chal-
lenge was performed 15 minutes following the first one, and
the time was re-measured.

FIG. 18C. Shows a second challenge bleeding parameters.
Once the first bleeding described in the legend to FIG. 19 was
spontaneously or manually stopped, a second bleeding chal-
lenge was performed 15 minutes following the first one, and
the bleeding intensity was re-measured.

FIG. 18D. Shows a second challenge bleeding parameters.
Once the first bleeding described in the legend to FIG. 19 was
spontaneously or manually stopped, a second bleeding chal-
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lenge was performed 15 minutes following the first one, and
the bleeding intensity was re-measured.

FIG. 19A. Shows a diagram illustrating the rFVII-CTP
construct.

FIG. 19B. Shows a diagram illustrating the rFVII-CTP-
CTP construct.

FIG. 19C. Shows a diagram illustrating the rFIX-CTP con-
struct.

FIG. 19D. Shows a diagram illustrating the rFIX-CTP-
CTP construct.

FIG. 20A. Shows a bar graph showing harvests limited
diluted clone transfected and selected cells with FVII-CTP
variants in the presence of 5 pg/ml of Vitamin K3. The level of
FVII was quantified using FVII ELISA (AssayPro).

FIG. 20B. Shows a bar graph showing harvests of limited
diluted transfected and selected cells with FVII-CTP variants
in the presence of 5 pg of Vitamin K3 .activity. FVII activity
was quantified using FVII chromogenic activity assay (As-
sayPro).

FIG. 20C. Shows a bar graph showing harvests of limited
diluted transfected and selected cells with FVII-CTP variants
in the presence of 5 ng of Vitamin K3. The specific activity of
FVII was calculated for each version by dividing the activity
value by the harvest FVII concentration.

FIG. 20D. Shows a graph showing PK profile of FVII,
FVII-CTP-CTP, and FVII-CTP harvests.

FIG. 21A. Shows western blots of FVII fused to three, four
and five CTPs, detected using anti-FVII, anti-CTP, and anti-
gamma carboxylation antibodies. FVII-CTP;, FVII-CTP,,,
and FVII-CTPs harvests were loaded on 12% Tris-Glycine
gel (expedeon) using Precision plus dual color protein marker
(Bio-Rad). The SDS-PAGE analysis was performed by West-
ern immunoblot using anti-FVII.

FIG. 21B. Shows western blots of FVII fused to three, four
and five CTPs, detected using anti-FVII, anti-CTP, and anti-
gamma carboxylation antibodies. FVII-CTP;, FVII-CTP,,,
and FVII-CTP; harvests were loaded on 12% Tris-Glycine
gel (expedeon) using Precision plus dual color protein marker
(Bio-Rad). The SDS-PAGE analysis was performed by West-
ern immunoblot using anti-CTP polyclonal Ab (Adar Biotech
Production).

FIG. 21C. Shows western blots of FVII fused to three, four
and five CTPs, detected using anti-FVII, anti-CTP, and anti-
gamma carboxylation antibodies. FVII-CTP;, FVII-CTP,,,
and FVII-CTP; harvests were loaded on 12% Tris-Glycine
gel (expedeon) using Precision plus dual color protein marker
(Bio-Rad). The SDS-PAGE analysis was performed by West-
ern immunoblot using anti-Gla Ab (American Diagnostica).

FIG. 22. Shows the FVII Activity—Chromogenic activity.
A comparative assessment of the in vitro potency of HA
purified (highly gamma carboxylated fraction) FVII-CTP;,
FVII-CTP,, and FVII-CTP; versus normal human pool
plasma was performed using a commercially available chro-
mogenic activity test kit, BIOPHEN (Hyphen BioMed
221304). All samples were serially diluted and the potency
was assessed by comparing a dose response curve to a refer-
ence preparation consisting of normal human plasma.

FIG. 23. Shows a first comparative pharmacokinetic (PK)
profile-FVII 3, 4 and 5 CTPs. FVII-CTP,, FVII-CTP,, and
FVII-CTPs (Group A, B and C, respectively) were adminis-
tered in a single intravenous injection to Sprague Dawley rats
(six rats per treatment) in a dose of 250 pg/kg body weight.
Blood samples were drawn retro-orbitally from 3 rats alter-
nately at 0.083, 0.5 2, 5, 8, 24, 48, 72 and 96 hours post
dosing. Citrated plasma (0.38%) was prepared immediately
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after sampling and stored at —20° C. until analysis. FVII-
CTP, demonstrated a superior profile as compared to the two
other versions.

FIG. 24. Shows a second comparative PK profile-FVII 3, 4
and 5 CTPs. FVII-CTP,, FVII-CTP,, and FVII-CTP; follow-
ing FVII selection and the HA purification process (Group A,
B and C, respectively) were administered in a single intrave-
nous injection to Sprague Dawley rats (three rats per sub-
stance) in a dose of 29.45 png/kg body weight. Blood samples
were drawn retro-orbital at 0.083, 0.5 2, 8, 24, 48, and 72
hours post-dosing. Citrated plasma (0.38%) was prepared
immediately after sampling and stored at —20° C. until analy-
sis.

FIG. 25A. Shows a schematic diagram of FVII-CTP; puri-
fication process. Batch 31 was produced for the PK/PD study.

FIG. 25B. Shows a schematic diagram of FVII-CTP; puri-
fication process. Batch 38 was produced for the survival
study.

FIG. 26 A. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 10 pg (Batch 31) or 5 ug (Batch 38) were
loaded in each lane of Coomassie stained SDS-PAGE. 1.
FVII-CTP, polypeptide; 2. Heavy chain, including 3xCTP; 3.
Light Chain. All three antibodies detect FVII.

FIG. 26B. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 10 pg (Batch 31) or 5 ug (Batch 38) were
loaded in each lane of Coomassie stained SDS-PAGE 1.
FVII-CTP, polypeptide; 2. Heavy chain, including 3xCTP; 3.
Light Chain.

FIG. 26C. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 10 pg (Batch 31) or 5 ug (Batch 38) were
loaded in each lane of Coomassie stained SDS-PAGE 1.
FVII-CTP, polypeptide; 2. Heavy chain, including 3xCTP; 3.
Light Chain.

FIG. 26D. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 10 pg (Batch 31) or 5 ug (Batch 38) were
loaded in each lane of Coomassie stained SDS-PAGE 1.
FVII-CTP, polypeptide; 2. Heavy chain, including 3xCTP; 3.
Light Chain.

FIG. 26E. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 10 pg (Batch 31) or 5 ug (Batch 38) were
loaded in each lane of Coomassie stained SDS-PAGE 1.
FVII-CTP, polypeptide; 2. Heavy chain, including 3xCTP; 3.
Light Chain.

FIG. 26F. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 1 pg protein was loaded in each lane of
Western blot. 1. FVII-CTP; polypeptide; 2. Heavy chain,
including 3xCTP; 3. Light Chain. All three antibodies detect
FVII. FVIla light chain is detected with both a-FVII.

FIG. 26G. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 1 pg protein was loaded in each lane of
Western blot. 1. FVII-CTP; polypeptide; 2. Heavy chain,
including 3xCTP; 3. Light Chain. All three antibodies detect
FVII. FVIla heavy chain was detected by a-CTP.

FIG. 26H. Shows an SDS-PAGE and Western blot of Final
FVII and FVIla. 1 pg protein was loaded in each lane of
Western blot. 1. FVII-CTP; polypeptide; 2. Heavy chain,
including 3xCTP; 3. Light Chain. All three antibodies detect
FVII. FVIla heavy chain was detected by a-Gla.

FIG. 27. Shows that FVII-CTP, chromogenic activity is
enhanced as a result of purification on ceramic hydroxyapa-
tite (HA) column. A comparative assessment of the in vitro
potency of FVII-CTP; harvest, in-process fractions, and puri-
fied FVII-CTP; versus human pool normal plasma was per-
formed using a commercially available chromogenic activity
test kit, BIOPHEN (Hyphen BioMed 221304). FVII-CTP,
harvest and protein were serially diluted and the potency was
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assessed by comparing a dose-response curve to a reference
preparation of normal human plasma.

FIG. 28. Shows the PK profile of FVIIa-CTP; vs.
NovoSeven® in FVIII-deficient mice. FVIIa-CTP; was pro-
duced following FVII selection, HA purification process and
activation. FVIIa-CTP; or NovoSeven® was administered in
a single intravenous injection to FVIII-/- hemophilic mice.
Blood samples were drawn retro-orbitally at 0.083, 0.5 2, 8,
24, 48, and 72 hours post-dosing. Citrated plasma (0.38%)
was prepared immediately after sampling and stored at —20°
C. until analysis, and a PK profile was established based on
FVIla clotting activity using a STACLOT commercial kit.

FIG. 29A. Shows that FVIIa-CTP; was produced follow-
ing FVII selection, HA purification process and activation.
FVIIa-CTP; or NovoSeven® was administered in a single
intravenous injection to FVIII-/- hemophilic mice. Blood
samples were drawn retro-orbitally at 0.083, 0.5 2, 8, 24, 48,
and 72 hours post-dosing. Citrated plasma (0.38%) was pre-
pared immediately after sampling and stored at —20° C. until
analysis. Thrombin generation parameters were evaluated
during the PK experiment, and parameters including maximal
amount to peak was evaluated.

FIG. 29B. Shows that FVIIa-CTP; was produced follow-
ing FVII selection, HA purification process and activation.
FVIIa-CTP; or NovoSeven® was administered in a single
intravenous injection to FVIII-/- hemophilic mice. Blood
samples were drawn retro-orbitally at 0.083, 0.5 2, 8, 24, 48,
and 72 hours post-dosing. Citrated plasma (0.38%) was pre-
pared immediately after sampling and stored at —20° C. until
analysis. Thrombin generation parameters were evaluated
during the PK experiment, and parameters including amount
of thrombin to time point was evaluated.

FIG. 29C. Shows that FVIIa-CTP; was produced follow-
ing FVII selection, HA purification process and activation.
FVIIa-CTP; or NovoSeven® was administered in a single
intravenous injection to FVIII-/- hemophilic mice. Blood
samples were drawn retro-orbitally at 0.083, 0.5 2, 8, 24, 48,
and 72 hours post-dosing. Citrated plasma (0.38%) was pre-
pared immediately after sampling and stored at —20° C. until
analysis. Thrombin generation parameters were evaluated
during the PK experiment, and parameters including rate of
thrombin generation was evaluated.

FIG. 30A. Shows hemophilic mice survival curves posttail
vain transection (TVT). TVT was performed 15 min post
administration. Mice Survival was observed for 24 hours after
TVT and recorded every single hour for the first 12 hours, and
after 24 hours. Control group data (vehicle) is the sum of the
3 experiments with 5 mice/experiment.

FIG. 30B. Shows hemophilic mice survival curves post tail
vain transection (TVT). TVT was performed 24 hours post
administration. Mice Survival was observed for 24 hours after
TVT and recorded every single hour for the first 12 hours, and
after 24 hours. Control group data (vehicle) is the sum of the
3 experiments with 5 mice/experiment.

FIG. 30C. Shows hemophilic mice survival curves post tail
vain transection (TVT). TVT was performed 48 hours post
administration. Mice Survival was observed for 24 hours after
TVT and recorded every single hour for the first 12 hours, and
after 24 hours. Control group data (vehicle) is the sum of the
3 experiments with 5 mice/experiment.

FIG. 30D. Summarizes mouse survival as recorded 24
hours post TVT.

FIG. 31A. Shows FVII-3-CTP and FVII-5 CTP immune-
blots, blotted for GLA.

FIG. 31B. Shows FVII-3-CTP and FVII-5 CTP immune-
blots, blotted for FVII.
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FIG. 31C. Shows FVII-3-CTP and FVII-5 CTP immune-
blots, blotted for CTP.

FIG. 32. Shows a comparative PK profile-FVII 3 & 5
CTP—Afrom select and HA column purification (FVIIS vs.
FVII HA).

FIG. 33. Shows a comparative PK profile-FVII 3 & 5
CTP—The second study (IV vs. SC).

FIG. 34. Shows hemophilic mice survival curves post tail
vain transection (TVT) following SC administration. TVT
was performed 12 hours post administration. Mice Survival
was observed for 24 hours after TVT and recorded every
single hour for the first 12 hours, and after 24 hours.

FIG. 35A. Shows the PK profile of MOD-5014 vs.
NovoSeven® following IV administration.

FIG. 35B. Shows the PK profile of MOD-5014 vs.
NovoSeven® following SC administration.

FIG. 36. Shows the PK profile of MOD-5014 (Clone 61
#75, #81) vs. NovoSeven® following single SC administra-
tion.

FIG. 37. Shows that warfarin increases PT and aPTT val-
ues. SD-rats received mg/Kg warfarin per-os, and blood
samples were taken at the designated time point. Plasma was
prepared and PT and aPTT values were determined.

FIG. 38. Acute effect of IV injection of MOD-5014 and
NovoSeven on Warfarin treated rats.

FIG. 39. Shows the response of Warfarin treated rats to a
wide range of MOD-5014 and NovoSeven doses, 24 hours
post injection.

FIG. 40. Shows that MOD-5014 restored PT values to
normal up to 48 hours post dosing, while the effect of
NovoSeven no longer exists after 24 hours.

FIG. 41. Shows IV injection of MOD-5014 reduce bleed-
ing time in warfarin treated rats as compared to NovoSeven
24 and 48 hours post injection.

FIG. 42. Shows that MOD-5014 is able to restore PT values
to normal up to 48 hours post dosing, while the effect of
NovoSeven no longer exists after 24 hours

FIG. 43. Shows superiority over NovoSeven by keeping the
blood loss at low level for 48 hours after administration.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, the present invention provides long-
acting coagulation factors and methods of producing and
using same. In another embodiment, long-acting coagulation
factors comprise a carboxy terminal peptide (CTP, also
referred to as CTP unit). In another embodiment, long-acting
polypeptides which comprise a coagulation factor further
comprise a carboxy terminal peptide (CTP) of human Chori-
onic Gonadotropin (hCG). In another embodiment, CTP acts
as a protectant against the degradation of a coagulation factor.
In another embodiment, CTP extends the C,,,,. of a coagula-
tion factor. In another embodiment, CTP extends the T,,,,,. of
acoagulation factor. In another embodiment, CTP extends the
circulatory half-life of a coagulation factor. In some embodi-
ments, CTP enhances the potency of a coagulation factor.

In another embodiment, provided herein is a method of
extending the biological half-life of a coagulation factor,
comprising the step of attaching one to ten CTPs to the car-
boxy terminus of the coagulation factor, thereby extending
the biological half-life of the coagulation factor. In another
embodiment, provided herein is a method of extending the
biological half-life of a coagulation factor, comprising the
step of attaching one to five CTPs to the carboxy terminus of
the coagulation factor, thereby extending the biological half-
life of the coagulation factor. In another embodiment, the
present invention provides a method for extending the circu-

25

40

45

55

10

latory half-life of a coagulation factor. In another embodi-
ment, the present invention provides a method for increasing
the half-life of a coagulation factor. In another embodiment,
the present invention provides a method for extending the
half-life of a coagulation factor.

Coagulation Factor VII (FVII) is a 444 amino acid glyco-
protein (50 KDa) secreted by hepatocytes into the blood-
stream as an inactive pro-enzyme. Upon tissue injury and
exposure to circulating blood, FVII forms a complex with
Tissue Factor (TF) which is a true receptor protein to FVII and
is expressed by various cells localized in the deeper layers of
the vessel wall. The formation of this FVII-TF complex leads
to activation of FVII. Activated FVII (FVIla) initiates the
extrinsic coagulation pathway by activating Factor IX and
Factor X.

FVII belong to a group of Vitamin K-dependent glycopro-
teins associated with the coagulation system. Besides FVII,
this group consists of Factor IX, Factor X, Protein C and
prothrombin. These proteins have similar domain organiza-
tions and are synthesized as precursors with an N-terminal
propeptide followed by a mature amino acid sequence. The
propeptide contains a docking site for gammacarboxylase
which converts glutamic acids (Glu) into gamma carboxy
glutamic acids (Gla). This domain is followed by two epider-
mal growth factor-like (EGF) domains, a connecting region
(CR) and a C-terminal serine protease domain. Prior to secre-
tion, FVII propeptide is cleaved forming a 406 amino acid
single chain zymogen FVII glycoprotein. After secretion, the
protein can be activated into a disulfide-linked two chain
heterodimer, FVIla, by cleavage in the CR. The plasma con-
centration of FVII is 10 nM and approximately 1% circulates
in the active form in healthy individuals.

Factor IX (FIX) is a 415 Amino acid (55 KDa) glycopro-
tein; it belongs to a group of vitamin K dependent glycopro-
teins associated with the coagulation system. FIX has a simi-
lar domain organization as factor FVII, Factor X, Protein C
and prothrombin that are synthesized as precursors with an
N-terminal propeptide followed by a mature amino acid
sequence.

FIX is secreted as a single chain molecule that undergoes
complex post-transcriptional modifications, many of which
are critical to its biochemical and pharmacokinetic proper-
ties. Among all the post-transcriptional modifications, 12
glutamic acid residues near the amino terminus of FIX that
are gamma carboxylated by the vitamin K-dependent gamma
carboxylase are the most crucial ones. Carboxylation is
required for the interaction of FIX with the phospholipid
surfaces and for optimal FIX activity. The amino terminus
propeptide serves as a recognition site for the gamma car-
boxylase and thus, following gamma carboxylation, it is
cleaved off by the Golgi apparatus serine protease known as
Paired basic Amino acid Cleave Enzyme (PACE/Furin). Four
additional post-transcriptional modifications might occur at
the Golgi apparatus: sulfation of tyrosine 155, phosphoryla-
tion of serine 158, O-glycosylation on Ser 63 and on 61 and
finally, N-glycosylation on Asn 157 and 16, but were shown
not to be necessary for proper activity of FIX.

FIX circulates in the plasma (average concentration of 5
ng/ml) as a single chain inactive zymogen. Upon proteolytic
cleavage at two peptide bonds: Arg 145 and Arg 180 by either
one or two physiological activators, FVIIa-TF complex or
FIXa, the activation peptide is removed, converting FIX to a
fully active enzyme consisting of a light and heavy chain held
together by a single disulfide bond. The N-terminal light
chain contains the non-catalytic gamma carboxyglutamic
acid (Gla) and two epidermal growth factor-like domains,
while the C-terminal heavy chain contains the trypsin-like
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catalytic domain of the molecule. FIXa alone is characterized
by poor catalytic activity. However when complexed with
FVIII, its proteolytic activity increase by 4-5 orders of mag-
nitude towards its natural substrate FX.

In another embodiment, provided herein is a method of
extending the biological half-life or a method of improving
the area under the curve (AUC) of a coagulation factor, com-
prising the step of attaching one to ten CTPs to the carboxy
terminus of the coagulation factor, thereby extending the
biological half-life or improving the AUC of the coagulation
factor. In another embodiment, provided herein is a method of
extending the biological half-life or a method of improving
the area under the curve (AUC) of a coagulation factor, com-
prising the step of attaching one to five CTPs to the carboxy
terminus of the coagulation factor, thereby extending the
biological half-life or improving the AUC of the coagulation
factor. In another embodiment, provided herein is a method of
extending the biological half-life or a method of improving
the area under the curve (AUC) of FIX, comprising the step of
attaching one to five CTPs to the carboxy terminus of the FIX,
thereby extending the biological half-life or improving the
AUC of the FIX. In another embodiment, provided herein is
a method of extending the biological half-life or a method of
improving the area under the curve (AUC) of FVII or FVIIa,
comprising the step of attaching one to five CTPs to the
carboxy terminus of FVII or FVIla, thereby extending the
biological half-life or improving the AUC of FVII or FVIla.

In another embodiment, the present invention provides a
method of extending the biological half-life of a Factor IX
(FIX) polypeptide, comprising the step of attaching three
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FIX polypeptide, thereby
extending the biological half-life of said FIX polypeptide. In
another embodiment, the present invention further provides a
method of extending the biological half-life of a Factor VIla
(FVIla) polypeptide, comprising the step of attaching up to
five chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FVIIa polypeptide,
thereby extending the biological half-life of said FVIla
polypeptide. In one embodiment, three chorionic gonadotro-
phin carboxy terminal peptides (CTPs) are attached to the
carboxy terminus of said FVIla polypeptide. In another
embodiment, four chorionic gonadotrophin carboxy terminal
peptides (CTPs) are attached to the carboxy terminus of said
FVIla polypeptide. In another embodiment, five chorionic
gonadotrophin carboxy terminal peptides (CTPs) are
attached to the carboxy terminus of said FVIla polypeptide.

In another embodiment, the present invention provides a
method of improving the area under the curve (AUC) of a
Factor IX (FIX) polypeptide, comprising the step of attaching
three chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FIX polypeptide,
thereby improving the AUC of said FIX polypeptide. In
another embodiment, the present invention provides a method
of improving the area under the curve (AUC) of a Factor V1la
(FVIla) polypeptide, comprising the step of attaching up to
five chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FVIIa polypeptide,
thereby improving the AUC of said FVIla polypeptide. In one
embodiment, three chorionic gonadotrophin carboxy termi-
nal peptides (CTPs) are attached to the carboxy terminus of
said FVIla polypeptide. In another embodiment, four chori-
onic gonadotrophin carboxy terminal peptides (CTPs) are
attached to the carboxy terminus of said FVIla polypeptide.
In another embodiment, five chorionic gonadotrophin car-
boxy terminal peptides (CTPs) are attached to the carboxy
terminus of said FVIla polypeptide.
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In another embodiment, a coagulation factor of the inven-
tion is a protein. In another embodiment, a coagulation factor
of'the invention is a peptide. In another embodiment, a coagu-
lation factor of the invention is a polypeptide. In another
embodiment, the coagulation factor is an enzyme. In another
embodiment, the coagulation factor is a serine protease. In
another embodiment, the coagulation factor is a glycoprotein.
In another embodiment, the coagulation factor is a trans-
glutaminase. In another embodiment, the coagulation factor
is an inactive zymogen. In another embodiment, the coagu-
lation factor is any coagulation factor known to one of skill in
the art.

In another embodiment, the coagulation factor is Factor
VIII (FVIII). In another embodiment, the coagulation factor
is Factor V (FV). In another embodiment, the coagulation
factor is Factor XIII (FXII). In another embodiment, the
coagulation factor is Factor X (FX). In another embodiment,
the coagulation factor is fibrin.

In another embodiment, the coagulation factor is Factor
Vlla (FVIIa). In another embodiment, the coagulation factor
is Factor VII (FVII). In another embodiment, the coagulation
factor is Factor IX (FIX). In another embodiment, the coagu-
lation factor is Factor X (FX). In another embodiment, the
coagulation factor is Factor XIa (FXIa). In another embodi-
ment, the coagulation factor is Factor XII (FXII). In another
embodiment, the coagulation factor is Factor Xa (FXa). In
another embodiment, the coagulation factor is Factor Va
(FVa). In another embodiment, the coagulation factor is pro-
thrombin. In another embodiment, the coagulation factor is
thrombin. In another embodiment, the coagulation factor is
Factor XI (FXI). In another embodiment, the coagulation
factor is Von Willebrand factor (vWF). In another embodi-
ment, the coagulation factor is Factor VIIla (FVIIla). In
another embodiment, the coagulation factor is B-deleted
Domain FVIII (FVIIIBDD). In another embodiment, the
coagulation factor is B domain-deleted FVIII (FVIIIBDD). In
another embodiment, the coagulation factor is Beta domain-
deleted FVIII (FVIIIBDD). In another embodiment, the
coagulation factor is Factor IXa (FIXa). In another embodi-
ment, the coagulation factor is prekallikrein. In another
embodiment, the coagulation factor is kallikrein. In another
embodiment, the coagulation factor is Factor X1la (FXIla). In
another embodiment, the coagulation factor is Fibrinogen. In
another embodiment, the coagulation factor is thrombo-
modulin. In another embodiment, the coagulation factor is
Factor II (FII).

In another embodiment, the coagulation factor is a glyco-
protein. In another embodiment, the coagulation factor is a
vitamin K-dependent glycoprotein. In another embodiment,
the coagulation factor is a vitamin K-independent glycopro-
tein.

In another embodiment, the coagulation factor is a recom-
binant protein. In another embodiment, the coagulation factor
is a recombinant glycoprotein. In another embodiment, the
coagulation factor is a recombinant glycoprotein FV. In
another embodiment, the coagulation factor is a recombinant
FVL In another embodiment, the coagulation factor is a
recombinant FVII. In another embodiment, the coagulation
factor is a recombinant FVIII. In another embodiment, the
coagulation factor is a recombinant FIX. In another embodi-
ment, the coagulation factor is a recombinant FX. In another
embodiment, the coagulation factor is a recombinant FXI. In
another embodiment, the coagulation factor is a recombinant
FXII. In another embodiment, the coagulation factor is a
recombinant FvW. In another embodiment, the coagulation
factor is a recombinant FII. In another embodiment, the
coagulation factor is a recombinant FIXa. In another embodi-
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ment, the coagulation factor is a recombinant FXla. In
another embodiment, the coagulation factor is a recombinant
fibrin. In another embodiment, the coagulation factor is a
recombinant FVIIa. In another embodiment, the coagulation
factor is a recombinant FXa. In another embodiment, the
coagulation factor is a recombinant FVa. In another embodi-
ment, the coagulation factor is a recombinant prothrombin. In
another embodiment, the coagulation factor is a recombinant
thrombin. In another embodiment, the coagulation factor is a
recombinant FVIIla. In another embodiment, the coagulation
factoris a recombinant prekallikrein. In another embodiment,
the coagulation factor is a recombinant kallikrein. In another
embodiment, the coagulation factor is a recombinant FXIIa.
In another embodiment, the coagulation factor is any known
recombinant coagulation factor. In another embodiment, the
coagulation factor comprising a signal peptide is any known
recombinant coagulation factor.

In another embodiment, a coagulation factor comprises
1-10 CTP repeats attached to the C-terminus and no CTPs
attached to the N-terminus. In another embodiment, a coagu-
lation factor comprises at least one CTP attached to the C-ter-
minus and no CTPs attached to the N-terminus. In another
embodiment, a coagulation factor comprising 1-10 CTP
repeats attached to the C-terminus and no CTPs attached to
the N-terminus is an engineered coagulation factor. In another
embodiment, a coagulation factor comprising at least one
CTP attached to the C-terminus and no CTPs attached to the
N-terminus is an engineered coagulation factor. In another
embodiment, a coagulation factor comprising 1-10 CTP
repeats attached to the C-terminus and no CTPs attached to
the N-terminus is a conjugated coagulation factor. In another
embodiment, a coagulation factor comprising at least one
CTP attached to the C-terminus and no CTPs attached to the
N-terminus is a conjugated coagulation factor.

In one embodiment, the present invention provides a CTP-
modified Factor IX (FIX) polypeptide consisting of a FIX
polypeptide and three gonadotropin carboxy terminal pep-
tides (CTPs) attached to the carboxy terminus of said CTP-
modified FIX polypeptide.

In another embodiment, the present invention further pro-
vides a CTP-modified Factor VIla (FVIIa) polypeptide con-
sisting of a FVIla polypeptide and five gonadotropin carboxy
terminal peptides (CTPs) attached to the carboxy terminus of
said FVIIa.

In another embodiment, the coagulation factor is a coagu-
lation factor comprising a domain organization similar or
identical to the domain organization of FIX, FVII, Factor X,
Protein C, or prothrombin. In another embodiment, the
coagulation factor is synthesized as a precursor with an N-ter-
minal propeptide. In another embodiment, the coagulation
factor as used herein is in an inactive pro-enzyme form. In
another embodiment, the coagulation factor is produced in
hepatocytes. In another embodiment, the coagulation factor
comprises a docking site for gammacarboxylase which con-
verts glutamic acids (Glu) into gamma carboxy glutamic
acids (Gla). In another embodiment, the coagulation factor as
used herein is a commercially available coagulation factor.

In one embodiment, the nucleic acid sequence encoding
Factor VII comprises the following nucleic acid sequence:

(SEQ ID NO: 11)
ctcgaggacatggtctcecccaggecctcaggctectetgecttetgettgg

gettcagggetgectggetgeagtettegtaacccaggaggaageccacy

gegtectgcaceggegeeggegegecaacgegttectggaggagetgegy

10

15

20

25

30

35

40

45

50

55

60

65

14

-continued
ccgggetcecectggagagggagtgcaaggaggagcagtgectecttegagga
ggccecgggagatcttcaaggacgeggagaggacgaagectgttetggattt
cttacagtgatggggaccagtgtgcctcaagtccatgeccagaatggggge
tcctgecaaggaccagctccagtectatatctgettetgectecctgeett
cgagggccggaactgtgagacgcacaaggatgaccagetgatetgtgtga
acgagaacggcggctgtgagcagtactgcagtgaccacacgggcaccaag
cgctectgteggtgecacgaggggtactetetgetggecagacggggtgte
ctgcacacccacagttgaatatccatgtggaaaaatacctattctagaaa
aaagaaatgccagcaaaccccaaggccgaattgtggggggcaaggtgtge
cccaaaggggagtgtccatggecaggtcecctgttgttggtgaatggagetca
gttgtgtggggggaccctgatcaacaccatcetgggtggtcteegeggece
actgtttcgacaaaatcaagaactggaggaacctgatcgeggtgetggge
gagcacgacctcagcgagcacgacggggatgagcagagcecggegggtgge
gcaggtcatcatccccagcacgtacgtecegggcaccaccaaccacgaca
tecgegetgetecgectgeaccagecegtggtectcactgaccatgtggty
ccectetgectgeccgaacggacgttctctgagaggacgetggecttegt
gcgcettetecattggtcageggetggggecagetgetggacegtggegeca
cggcectggagetcatggtectcaacgtgecceggetgatgacccaggac
tgcctgcagcagtcacggaaggtgggagactcecccaaatatcacggagta
catgttctgtgccggctacteggatggcagcaaggactectgecaaggggyg

acagtggaggcccacatgecacccactaceggggeacgtggtacetgacg
ggcatcgtcagetggggecagggetgegeaacegtgggecactttggggt
gtacaccagggtctcccagtacatcgagtggetgcaaaagetecatgeget
cagagccacgceccaggagtectectgegagececatttecctgaggatge
ggcege .

In another embodiment, the amino acid sequence of Factor
VII comprises the following amino acid sequence:

(SEQ ID NO: 9)
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGS

LERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCK
DQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSC
RCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPQGRIVGGKVCPKG
ECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKI KNWRNLIAVLGEHD
LSEHDGDEQSRRVAQVIIPSTYVPGT TNHDIALLRLHQPVVLTDHVVPLC
LPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRLMTQDCLQ
QSRKVGDSPNITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIV

SWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFP .

In another embodiment, the amino acid sequence of Factor
VII comprises the following amino acid sequence:
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(SEQ ID NO: 10)
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGS

LERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCK
DQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSC
RCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPQGRIVGGKVCPKG
ECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKI KNWRNLIAVLGEHD
LSEHDGDEQSRRVAQVIIPSTYVPGTTNHDIALLRLHQPVVLTDHVVPLC
LPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRLMTQDCLQ
QSRKVGDSPNITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIV

SWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFP*GCGR .

In another embodiment, the nucleic acid sequence encod-
ing Factor VII-CTP (attached to the carboxy terminus) com-
prises the following nucleic acid sequence:

(SEQ ID NO: 12)
ctcgaggacatggtcteccaggeccteaggetectetgecttetgettgg

gettcagggetgectggetgeagtettegtaacccaggaggaageccacy
gegtectgcaceggegeeggegegecaacgegttectggaggagetgegy
cegggetecctggagagggagtgeaaggaggageagtgetecttegagga
ggccegggagatcttecaaggacgeggagaggacgaagetgttetggattt
cttacagtgatggggaccagtgtgectcaagtecatgecagaatggggge
tcctgcaaggaccagetecagtectatatetgettetgectecctgectt
cgagggccggaactgtgagacgcacaaggatgaccagetgatetgtgtga
acgagaacggcggctgtgagecagtactgecagtgaccacacgggcaccaag
cgctectgteggtgecacgaggggtactetetgetggeagacggggtgte
ctgcacacccacagttgaatatccatgtggaaaaatacctattctagaaa
aaagaaatgccagcaaaccccaaggecgaattgtggggggecaaggtgtge
cccaaaggggagtgtecatggeaggtectgttgttggtgaatggagetca
gttgtgtggggggaccctgatcaacaccatcetgggtggtetecgeggeee
actgtttcgacaaaatcaagaactggaggaacctgategeggtgetggge
gagcacgaccteagegagcacgacggggatgageagageeggegggtgge
gecaggtcatcatccccagcacgtacgtecccgggecaccaccaaccacgaca
tcegegetgeteegectgeaccagecegtggtectcactgaccatgtggtyg
ccectetgectgeccgaacggacgttetetgagaggacgetggecttegt
gegettetcattggtecageggetggggecagetgetggacegtggegeca
cggecctggageteatggtectecaacgtgecceggetgatgacccaggac
tgcctgecagecagtcacggaaggtgggagactecccaaatatcacggagta
catgttectgtgecggetacteggatggeagecaaggactectgecaaggggyg
acagtggaggcccacatgecacccactaceggggeacgtggtacetgace
ggcatcgtgagetggggecagggetgegecacegtgggecactteggegt
gtacaccagggtgtcccagtacatcgagtggetgcagaaactgatgagaa

gegageccagacceggegtgetgetgagageccecttecccageageage
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-continued
tccaaggccccteeccectagectgeccageaectagecagactgectgggec

cagcgacacccccatectgeccecagtgaggatecegeggecge .

In another embodiment, the amino acid sequence of Factor
VII-CTP (attached to the carboxy terminus) comprises the
following amino acid sequence:

(SEQ ID NO: 13)
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGS

LERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCK
DQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSC
RCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPQGRIVGGKVCPKG
ECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKI KNWRNLIAVLGEHD
LSEHDGDEQSRRVAQVIIPSTYVPGT TNHDIALLRLHQPVVLTDHVVPLC
LPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRLMTQDCLQ
QSRKVGDSPNITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIV
SWGQGCATVGHFGVYTRVSQY IEWLQKLMRSEPRPGVLLRAPFPSSSSKA
PPPSLPSPSRLPGPSDTPILPQ* .

In another embodiment, the nucleic acid sequence encod-
ing Factor VII-CTP-CTP (attached to the carboxy terminus)
comprises the following nucleic acid sequence:

(SEQ ID NO: 14)
ctcgaggacatggtctcecccaggecctcaggctectetgecttetgettgg

gcettcagggetgectggetgeagtettegtaacccaggaggaageccacy
gegtectgecaceggegecggegegecaacgegtteetggaggagetgegy
cegggetecctggagagggagtgeaaggaggageagtgetecttegagga
ggccegggagatettcaaggacgeggagaggacgaagetgttetggattt
cttacagtgatggggaccagtgtgectcaagtecatgecagaatggggge
tcctgcaaggaccagetecagtectatatetgettetgecteectgectt
cgagggcecggaactgtgagacgcacaaggatgaccagetgatetgtgtga
acgagaacggcggctgtgagecagtactgecagtgaccacacgggcaccaag
cgctectgteggtgecacgaggggtactetetgetggecagacggggtgte
ctgcacacccacagttgaatatccatgtggaaaaatacctattctagaaa
aaagaaatgccagcaaaccccaaggecgaattgtggggggcaaggtgtge
cccaaaggggagtgtecatggeaggtectgttgttggtgaatggagetca
gttgtgtggggggaccctgatcaacaccatcetgggtggtetecgeggeee
actgtttcgacaaaatcaagaactggaggaacctgategeggtgetggge
gagcacgacctcagegagcacgacggggatgageagageeggegggtgge
gcaggtcatcatccccagcacgtacgteccgggecaccaccaaccacgaca
tcegegetgeteegectgeaccagecegtggtectcactgaccatgtggtyg
ccectetgectgeccgaacggacgttetectgagaggacgetggecttegt
gegettetcattggtcageggetggggecagetgetggacegtggegeca
cggecctggageteatggtectcaacgtgecceggetgatgacccaggac

tgcctgcagecagtcacggaaggtgggagactecccaaatatcacggagta
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catgttctgtgcecggectacteggatggcagcaaggactectgcaaggggyg
acagtggaggcccacatgccacccactaccggggcacgtggtacctgace
ggcatcgtgagectggggecagggetgegecacegtgggecactteggegt
gtacaccagggtgtcccagtacatcgagtggctgcagaaactgatgagaa
gcgagcccagaccceggegtgetgetgagageccecttecccagecagecage
tccaaggccccteccectagectgeccageaectagecagactgectgggec
ctccgacacaccaatcctgccacagagcagetcectcectaaggeccctecte
catcecctgecatcccecteceggetgecaggecectetgacaccectate
ctgcctcagtgatgaaggtctggatcecgeggecge.

In another embodiment, the amino acid sequence of Factor
VII-CTP-CTP (attached to the carboxy terminus) comprises
the following amino acid sequence:

(SEQ ID NO: 15)
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGS

LERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCK
DQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSC
RCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPQGRIVGGKVCPKG
ECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKIKNWRNLIAVLGEHD
LSEHDGDEQSRRVAQVIIPSTYVPGTTNHD IALLRLHQPVVLTDHVVPLC
LPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRLMTQDCLQ
QSRKVGDSPNITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIV
SWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFPSSSSKA
PPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILP
Q** |

In another embodiment, the nucleic acid sequence encod-
ing Factor VII-CTP-CTP-CTP (attached to the carboxy ter-
minus) comprises the following nucleic acid sequence:

(SEQ ID NO: 24)
ctcgaggacatggtctcecccaggecctcaggctectetgecttetgettgg

gettcagggetgectggetgeagtettegtaacccaggaggaageccacy
gegtectgcaceggegeeggegegecaacgegttectggaggagetgegy
cegggetecctggagagggagtgeaaggaggageagtgetecttegagga
ggccegggagatcttecaaggacgeggagaggacgaagetgttetggattt
cttacagtgatggggaccagtgtgectcaagtecatgecagaatggggge
tcctgcaaggaccagetecagtectatatetgettetgectecctgectt
cgagggccggaactgtgagacgcacaaggatgaccagetgatetgtgtga
acgagaacggcggctgtgagecagtactgecagtgaccacacgggcaccaag
cgctectgteggtgecacgaggggtactetetgetggeagacggggtgte
ctgcacacccacagttgaatatccatgtggaaaaatacctattctagaaa
aaagaaatgccagcaaaccccaaggecgaattgtggggggecaaggtgtge

cccaaaggggagtgtecatggeaggtectgttgttggtgaatggagetca
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-continued
gttgtgtggggggaccctgatcaacaccatcetgggtggtcteegeggece

actgtttcgacaaaatcaagaactggaggaacctgategeggtgetggge
gagcacgacctcagegagcacgacggggatgageagageeggegggtgge
gcaggtcatcatccccagcacgtacgteccgggecaccaccaaccacgaca
tcegegetgeteegectgeaccagecegtggtectcactgaccatgtggtyg
ccectetgectgeccgaacggacgttetectgagaggacgetggecttegt
gegettetcattggtcageggetggggecagetgetggacegtggegeca
cggecctggageteatggtectcaacgtgecceggetgatgacccaggac
tgcctgcagecagtcacggaaggtgggagactecccaaatatcacggagta
catgttctgtgecggetacteggatggecagcaaggactectgecaaggggg

acagtggaggcccacatgecacccactaceggggeacgtggtacetgace
ggcatcgtgagetggggecagggetgegecacegtgggecactteggegt
gtacaccagggtgtcccagtacatcgagtggetgcagaaactgatgagaa
gcgageccagacceggegtgetgetgagageccecttececageageage
tccaaggececteccectagectgeccageectageagactgectgggece
cagtgacacccctatectgectecagtecagetecagecaaggecceaceee
ctagcctgecttetectteteggetgectggecccagegatactecaatt
ctgccccagtectecageagtaaggeteccectecatetetgecatecee
cagcagactgccaggeccttetgatacacccatecteccacagtgatgag

gatccgeggecgettaattaa.

In another embodiment, the amino acid sequence of Factor
VII-CTP-CTP-CTP (attached to the carboxy terminus) com-
prises the following amino acid sequence:

(SEQ ID NO: 25)
MVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELRPGS

LERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGGSCK
DQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSC
RCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPQGRIVGGKVCPKG
ECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKI KNWRNLIAVLGEHD
LSEHDGDEQSRRVAQVIIPSTYVPGT TNHDIALLRLHQPVVLTDHVVPLC
LPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRLMTQDCLQ
QSRKVGDSPNITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLTGIV
SWGQGCATVGHFGVYTRVSQY IEWLQKLMRSEPRPGVLLRAPFPSSSSKA
PPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQ

SSSSKAPPPSLPSPSRLPGPSDTPILPQ** .

In another embodiment, the amino acid sequence of Factor
VII-CTP-CTP-CTP without the signal peptide is set forth in
SEQ ID NO: 46.

In another embodiment, the signal peptide of Factor VII-
CTP-CTP-CTP is set forth in SEQ ID NO: 47.

In another embodiment, the nucleic acid sequence encod-
ing Factor VII-(CTP), (attached to the carboxy terminus)
comprises the following nucleic acid sequence:
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(SEQ ID NO: 26)
ctcgaggacatggtctcecccaggecctcaggctectetgecttetgettgg

gettcagggetgectggetgeagtettegtaacccaggaggaageccacy
gegtectgcaceggegeeggegegecaacgegttectggaggagetgegy
cegggetecctggagagggagtgeaaggaggageagtgetecttegagga
ggccegggagatcttecaaggacgeggagaggacgaagetgttetggattt
cttacagtgatggggaccagtgtgectcaagtecatgecagaatggggge
tcctgcaaggaccagetecagtectatatetgettetgectecctgectt
cgagggccggaactgtgagacgcacaaggatgaccagetgatetgtgtga
acgagaacggcggctgtgagecagtactgecagtgaccacacgggcaccaag
cgctectgteggtgecacgaggggtactetetgetggeagacggggtgte
ctgcacacccacagttgaatatccatgtggaaaaatacctattctagaaa
aaagaaatgccagcaaaccccaaggecgaattgtggggggecaaggtgtge
cccaaaggggagtgtecatggeaggtectgttgttggtgaatggagetca
gttgtgtggggggaccctgatcaacaccatcetgggtggtetecgeggeee
actgtttcgacaaaatcaagaactggaggaacctgategeggtgetggge
gagcacgaccteagegagcacgacggggatgageagageeggegggtgge
gecaggtcatcatccccagcacgtacgtecccgggecaccaccaaccacgaca
tcegegetgeteegectgeaccagecegtggtectcactgaccatgtggtyg
ccectetgectgeccgaacggacgttetetgagaggacgetggecttegt
gegettetcattggtecageggetggggecagetgetggacegtggegeca
cggecctggageteatggtectecaacgtgecceggetgatgacccaggac
tgcctgecagecagtcacggaaggtgggagactecccaaatatcacggagta
catgttectgtgecggetacteggatggeagecaaggactectgecaaggggyg
acagtggaggcccacatgecacccactaceggggeacgtggtacetgace
ggcatcgtgagetggggecagggetgegecacegtgggecactteggegt
gtacaccagggtgtcccagtacatcgagtggetgcagaaactgatgagaa
gegageccagacceggegtgetgetgagageccecttecccageageage
tccaaggececteccectagectgeccagecctageagactgectgggece
cagtgacacccctatectgectecagtecagetecagecaaggecceaceee
ctagcetgecttetectteteggetgectggecccagegatactecaatt
ctgccccagtectecageagtaaggeteccectecatetetgecatecee
cagcagactgccaggeccttetgatacacccatecteccacagtgatgag

gatccge.

In another embodiment, the amino acid sequence of Factor
VII-(CTP), (attached to the carboxy terminus) comprises the

following amino acid sequence:

(SEQ ID NO: 27)
LEDMVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELR

PGSLERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGG
SCKDQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTK

RSCRCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPQGRIVGGKVC
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-continued
PKGECPWQVLLLVNGAQLCGGTLINT IWVVSAAHCFDKI KNWRNLIAVLG
EHDLSEHDGDEQSRRVAQVIIPS TYVPGTTNHDIALLRLHQPVVLTDHVY
PLCLPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRLMTQD
CLOQOSRKVGDSPNITEYMFCAGY SDGSKDS CKGDSGGPHATHYRGTWYLT
GIVSWGQGCATVGHFGVYTRVSQYIEWLOKLMRS EPRPGVLLRAPFPSSS
SKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPI
LPQSSSSKAPPPSLPSPSRLPGPSDTPILPQ* *G.

In another embodiment, the nucleic acid sequence encod-
ing Factor VII-(CTP); (attached to the carboxy terminus)
comprises the following nucleic acid sequence:

(SEQ ID NO: 28)
ctcgaggacatggtctcecccaggecctcaggctectetgecttetgettgg

gcettcagggetgectggetgeagtettegtaacccaggaggaageccacy
gegtectgecaceggegecggegegecaacgegtteetggaggagetgegy
cegggetecctggagagggagtgeaaggaggageagtgetecttegagga
ggccegggagatettcaaggacgeggagaggacgaagetgttetggattt
cttacagtgatggggaccagtgtgectcaagtecatgecagaatggggge
tcctgcaaggaccagetecagtectatatetgettetgecteectgectt
cgagggcecggaactgtgagacgcacaaggatgaccagetgatetgtgtga
acgagaacggcggctgtgagecagtactgecagtgaccacacgggcaccaag
cgctectgteggtgecacgaggggtactetetgetggecagacggggtgte
ctgcacacccacagttgaatatccatgtggaaaaatacctattctagaaa
aaagaaatgccagcaaaccccaaggecgaattgtggggggcaaggtgtge
cccaaaggggagtgtecatggeaggtectgttgttggtgaatggagetca
gttgtgtggggggaccctgatcaacaccatcetgggtggtetecgeggeee
actgtttcgacaaaatcaagaactggaggaacctgategeggtgetggge
gagcacgacctcagegagcacgacggggatgageagageeggegggtgge
gcaggtcatcatccccagcacgtacgteccgggecaccaccaaccacgaca
tcegegetgeteegectgeaccagecegtggtectcactgaccatgtggtyg
ccectetgectgeccgaacggacgttetectgagaggacgetggecttegt
gegettetcattggtcageggetggggecagetgetggacegtggegeca
cggecctggageteatggtectcaacgtgecceggetgatgacccaggac
tgcctgcagecagtcacggaaggtgggagactecccaaatatcacggagta
catgttctgtgecggetacteggatggecagcaaggactectgecaaggggg
acagtggaggcccacatgecacccactaceggggeacgtggtacetgace
ggcatcgtgagetggggecagggetgegecacegtgggecactteggegt
gtacaccagggtgtcccagtacatcgagtggetgcagaaactgatgagaa
gcgageccagacceggegtgetgetgagageccecttececageageage
tccaaggececteccectagectgeccageectageagactgectgggece
ctctgacaccectatectgectecagtecagetectetaaggetecaccac

ctteectgectageccttecaagactgecaggeectagegatacaccaatt
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-continued
ctgcecccagtectecagecagcaaggcetecececacctagectgecttetee
atcaaggctgcctggeccatccgataccccaattttgectcagagecaget
ctagcaaggcacctccccccagtcectgeectetecaagecagactcecectgge
ccttecagacactccaatccteccacagtectetagetctaaagetecace
tecccagectgeccagecctagtagactecceggaccttetgataccceca

tcttgecccagtgatgaggatecege.

In another embodiment, the amino acid sequence of Factor
VII-(CTP); (attached to the carboxy terminus) comprises the
following amino acid sequence:

(SEQ ID NO: 29)
LEDMVSQALRLLCLLLGLQGCLAAVFVTQEEAHGVLHRRRRANAFLEELR

PGSLERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCONGG
SCKDQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTK
RSCRCHEGYSLLADGVSCTPTVEYPCGKIPILEKRNASKPQGRIVGGKVC
PKGECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKIKNWRNLIAVLG
EHDLSEHDGDEQSRRVAQVIIPSTYVPGTTNHDIALLRLHQPVVLTDHVV
PLCLPERTFSERTLAFVRFSLVSGWGQLLDRGATALELMVLNVPRLMTQD
CLQQSRKVGDSPNITEYMFCAGYSDGSKDSCKGDSGGPHATHYRGTWYLT
GIVSWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEPRPGVLLRAPFPSSS
SKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPI
LPQSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPG

PSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQ**GS.

In another embodiment, the nucleic acid sequence encod-
ing Factor IX comprises the following nucleic acid sequence:

(SEQ ID NO: 16)
gcgatcgecatgcagcegegtgaacatgatcatggcagaatcaccaggect

catcaccattgecttttaggatatctactcagtgetgaatgtacagtttt
tcttgatcatgaaaacgccaacaaaattetgaateggecaaagaggtata
attcaggtaaattggaagagtttgttcaagggaaccttgagagagaatgt
atggaagaaaagtgtagttttgaagaagcacgagaagtttttgaaaacac
tgaaagaacaactgaattttggaagcagtatgttgatggagatcagtgtyg
agtccaatccatgtttaaatggeggecagttgecaaggatgacattaattee
tatgaatgttggtgteectttggatttgaaggaaagaactgtgaattaga
tgtaacatgtaacattaagaatggcagatgcgagcagttttgtaaaaata
gtgctgataacaaggtggtttgctectgtactgagggatategacttgea
gaaaaccagaagtcctgtgaaccagcagtgecatttecatgtggaagagt
ttctgtttcacaaacttctaagetcaccegtgetgagactgtttttectyg
atgtggactatgtaaattctactgaagctgaaaccattttggataacate
actcaaagcacccaatcatttaatgacttcactegagttgttggtggaga
agatgccaaaccaggtcaatteecttggecaggttgttttgaatggtaaag

ttgatgcattctgtggaggctctategttaatgaaaaatggattgtaact

10

15

20

25

30

35

40

45

50

55

60

65

22

-continued
gctgcccactgtgttgaaactggtgttaaaattacagttgtegecaggtga
acataatattgaggagacagaacatacagagcaaaagcgaaatgtgattce
gaattattcctcaccacaactacaatgcagctattaataagtacaaccat
gacattgcccttectggaactggacgaacccttagtgctaaacagetacgt
tacacctatttgcattgctgacaaggaatacacgaacatcttcctcaaat
ttggatctggctatgtaagtggetggggaagagtcttceccacaaagggaga
tcagctttagttctccagtaccttagagttecacttgttgaccgagecac
atgtcttcgatctacaaagttcaccatctataacaacatgttetgtgetyg
gcttccatgaaggaggtagagattcatgtcaaggagatagtgggggacce
catgttactgaagtggaagggaccagtttcttaactggaattattagetyg
gggtgaagagtgtgcaatgaaaggcaaatatggaatatataccaaggtat
ccecggtatgtcaactggattaaggaaaaaacaaagctcacttgaacgegg
cege.

In another embodiment, the amino acid sequence of Factor
IX comprises the following amino acid sequence:

(SEQ ID NO: 17)
MOQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSG

KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN
PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD
NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVFPDVD
YVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDA
FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRII
PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGS
GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFH
EGGRDSCQGDSGGPHVTEVEGTSFLTGI ISWGEECAMKGKYGIYTKVSRY

VNWIKEKTKLT*.

In another embodiment, the nucleic acid sequence encod-
ing Factor IX-CTP (attached to the carboxy terminus) com-
prises the following nucleic acid sequence:

(SEQ ID NO: 18)
gcgatcegecatgcagegegtgaacatgatcatggcagaatcaccaggect

catcaccatctgecttttaggatatctactcagtgetgaatgtacagttt
ttcttgatcatgaaaacgccaacaaaattctgaateggccaaagaggtat
aattcaggtaaattggaagagtttgttcaagggaaccttgagagagaatg
tatggaagaaaagtgtagttttgaagaagcacgagaagtttttgaaaaca
ctgaaagaacaactgaattttggaagcagtatgttgatggagatcagtgt
gagtccaatccatgtttaaatggeggcagttgcaaggatgacattaatte
ctatgaatgttggtgtecctttggatttgaaggaaagaactgtgaattag
atgtaacatgtaacattaagaatggcagatgcgagcagttttgtaaaaat
agtgctgataacaaggtggtttgetectgtactgagggatatcegacttge

agaaaaccagaagtcctgtgaaccagecagtgecatttecatgtggaagag
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-continued
tttctgtttcacaaacttctaagctcaccecgtgetgagactgtttttect
gatgtggactatgtaaattctactgaagctgaaaccattttggataacat
cactcaaagcacccaatcatttaatgacttcactcgagttgttggtggag
aagatgccaaaccaggtcaattcccttggcaggttgttttgaatggtaaa
gttgatgcattctgtggaggctctategttaatgaaaaatggattgtaac
tgctgecccactgtgttgaaactggtgttaaaattacagttgtegcaggtyg
aacataatattgaggagacagaacatacagagcaaaagcgaaatgtgatt
cgaattattcctcaccacaactacaatgcagctattaataagtacaacca
tgacattgcccttetggaactggacgaacccttagtgctaaacagctacyg
ttacacctatttgcattgctgacaaggaatacacgaacatcttcctcaaa
tttggatctggctatgtaagtggctggggaagagtcttecacaaagggag
atcagctttagttcttcagtaccttagagttccacttgttgaccgageca
catgtcttcgatctacaaagttcaccatctataacaacatgttctgtget
ggcttccatgaaggaggtagagattcatgtcaaggagatagtgggggacce
ccatgttactgaagtggaagggaccagtttcttaactggaattattaget
ggggtgaagagtgtgcaatgaaaggcaaatatggaatatataccaaggta
tcceggtatgtcaactggattaaggaaaaaacaaagctcactagctccag
cagcaaggcccecteccecgagectgecctecaeccaagcaggetgectggge
ccteoecgacacaccaatcctgecacagtgatgaaggtectggatecgeggece
gc.

In another embodiment, the amino acid sequence of Factor
IX-CTP (attached to the carboxy terminus) comprises the
following amino acid sequence:

(SEQ ID NO: 19)
MQORVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSG

KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN
PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD
NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVFPDVD
YVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDA
FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRII
PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGS
GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFH
EGGRDSCQGDSGGPHVTEVEGTSFLTGIISWGEECAMKGKYGIYTKVSRY
VNWIKEKTKLTSSSSKAPPPSLPSPSRLPGPSDTPILPQ* * .

In another embodiment, the nucleic acid sequence encod-
ing Factor IX-CTP-CTP (attached to the carboxy terminus)
comprises the following nucleic acid sequence:

(SEQ ID NO: 20)
gcgatcgecatgcagcegegtgaacatgatcatggcagaatcaccaggect

catcaccatctgecttttaggatatctactcagtgetgaatgtacagttt

ttcttgatcatgaaaacgccaacaaaattctgaateggecaaagaggtat
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-continued
aattcaggtaaattggaagagtttgttcaagggaaccttgagagagaatg

tatggaagaaaagtgtagttttgaagaagcacgagaagtttttgaaaaca
ctgaaagaacaactgaattttggaagcagtatgttgatggagatcagtgt
gagtccaatccatgtttaaatggeggcagttgcaaggatgacattaatte
ctatgaatgttggtgtecctttggatttgaaggaaagaactgtgaattag
atgtaacatgtaacattaagaatggcagatgcgagcagttttgtaaaaat
agtgctgataacaaggtggtttgetectgtactgagggatatcegacttge
agaaaaccagaagtcctgtgaaccagecagtgecatttecatgtggaagag
tttectgtttcacaaacttctaagetcaceegtgetgagactgtttttect
gatgtggactatgtaaattctactgaagctgaaaccattttggataacat
cactcaaagcacccaatcatttaatgacttcactegagttgttggtggag
aagatgccaaaccaggtcaatteccttggecaggttgttttgaatggtaaa
gttgatgcattctgtggaggctctategttaatgaaaaatggattgtaac
tgctgeccactgtgttgaaactggtgttaaaattacagttgtegecaggtyg
aacataatattgaggagacagaacatacagagcaaaagcgaaatgtgatt
cgaattattectcaccacaactacaatgcagctattaataagtacaacca
tgacattgcecttetggaactggacgaacccttagtgetaaacagetacg
ttacacctatttgcattgctacaaggaatacacgaacatcttectcaaat
ttggatctggctatgtaagtggetggggaagagtettecacaaagggaga
tcagctttagttettecagtaccttagagttecacttgttgacegagecac
atgtcttecgatctacaaagttcaccatctataacaacatgttetgtgetyg
gcttecatgaaggaggtagagattcatgtcaaggagatagtgggggacee
catgttactgaagtggaagggaccagtttcttaactggaattattagetyg
gggtgaagagtgtgcaatgaaaggcaaatatggaatatataccaaggtat
cceggtatgtcaactggattaaggaaaaaacaaagcetcactagetcecage
agcaaggcccactecceecgagectgecctecccaageaggetgectgggece
ctcecgacacaccaatectgecacagagecagetectetaaggecectecte
catccetgecateccecteceggetgectggecectetgacaccectate
ctgcctcagtgatgaaggtetggateegeggeege.

In another embodiment, the amino acid sequence of Factor
IX-CTP-CTP (attached to the carboxy terminus) comprises
the following amino acid sequence:

(SEQ ID NO: 21)
MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSG

KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN
PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD
NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVFPDVD
YVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDA
FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRII
PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGS

GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFH
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EGGRDSCQGDSGGPHVTEVEGTSFLTGI ISWGEECAMKGKYGI YTKVSRY

VNWIKEKTKLTSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSL

PSPSRLPGPSDTPILPQ** .

In another embodiment, the nucleic acid sequence encod-
ing Factor IX-(CTP); (attached to the carboxy terminus)
comprises the following nucleic acid sequence:

(SEQ ID NO: 30)
tctagagtcgaccccegceccatgcagegegtgaacatgatcatggcagaatce

accaggcctcatcaccatetgecttttaggatatctactcagtgetgaat
gtacagtttttcttgatcatgaaaacgccaacaaaattctgaateggeca
aagaggtataattcaggtaaattggaagagtttgttcaagggaaccttga
gagagaatgtatggaagaaaagtgtagttttgaagaagcacgagaagttt
ttgaaaacactgaaagaacaactgaattttggaagcagtatgttgatgga
gatcagtgtgagtccaatccatgtttaaatggeggcagttgcaaggatga
cattaattcctatgaatgttggtgtecctttggatttgaaggaaagaact
gtgaattagatgtaacatgtaacattaagaatggcagatgcgagecagttt
tgtaaaaatagtgctgataacaaggtggtttgetectgtactgagggata
tcgacttgcagaaaaccagaagtectgtgaaccagecagtgecatttecat
gtggaagagtttctgtttcacaaacttctaagetcaccegtgetgaggea
gtttttectgatgtggactatgtaaattctactgaagetgaaaccatttt
ggataacatcactcaaagcacccaatcatttaatgacttcactegagttyg
ttggtggagaagatgccaaaccaggtcaatteeccttggecaggttgttttyg
aatggtaaagttgatgcattectgtggaggetctategttaatgaaaaatyg
gattgtaactgctgcccactgtgttgaaactggtgttaaaattacagttyg
tcgcaggtgaacataatattgaggagacagaacatacagagcaaaagega
aatgtgattcgaattattectcaccacaactacaatgcagctattaataa
gtacaaccatgacattgcccttetggaactggacgaacccttagtgetaa
acagctacgttacacctatttgecattgetgacaaggaatacacgaacate
ttcctcaaatttggatetggetatgtaagtggetggggaagagtetteca
caaagggagatcagctttagttettcagtaccttagagttecacttgttyg
accgagccacatgtcttegatctacaaagttcaccatctataacaacatg
ttctgtgetggettecatgaaggaggtagagattcatgtcaaggagatag
tgggggaccccatgttactgaagtggaagggaccagtttettaactggaa
ttattagctggggtgaagagtgtgcaatgaaaggcaaatatggaatatat
accaaggtatcccggtatgtcaactggattaaggaaaaaacaaagctcac
tagctccagcagcaaggecectecceecgagectgecctecccaagecagge
tgcctgggeccagtgacaccectatectgectcagtecagetecageaag
gecccaccceectagectgecttetectteteggetgectggececagega
tactccaattctgecccagtectecageagtaaggeteccectecatete
tgccatcccccagcagactgecaggeecttetgatacaccecatectecca

cagtgatgaggatccgeggecge.
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In another embodiment, the amino acid sequence of Factor
IX-(CTP); (attached to the carboxy terminus) comprises the
following amino acid sequence:

(SEQ ID NO: 31)
MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSG

KLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESN
PCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSAD
NKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAEAVFPDVD
YVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDA
FCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRII
PHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGS
GYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFH
EGGRDSCQGDSGGPHVTEVEGTSFLTGI ISWGEECAMKGKYGIYTKVSRY
VNWIKEKTKLTSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSL
PSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILPQ** .

In another embodiment, the nucleic acid sequence encod-
ing Factor IX-(CTP), (attached to the carboxy terminus)
comprises the following nucleic acid sequence:

(SEQ ID NO: 32)
tctagagtcgaccccgecatgeagegegtgaacatgatcatggeagaate

accaggcctcatcaccatetgecttttaggatatctactcagtgetgaat
gtacagtttttcttgatcatgaaaacgccaacaaaattetgaateggeca
aagaggtataattcaggtaaattggaagagtttgttcaagggaaccttga
gagagaatgtatggaagaaaagtgtagttttgaagaagcacgagaagttt
ttgaaaacactgaaagaacaactgaattttggaagcagtatgttgatgga
gatcagtgtgagtccaatccatgtttaaatggeggcagttgeaaggatga
cattaattcctatgaatgttggtgtecctttggatttgaaggaaagaact
gtgaattagatgtaacatgtaacattaagaatggcagatgcgagcagttt
tgtaaaaatagtgctgataacaaggtggtttgetectgtactgagggata
tcgacttgcagaaaaccagaagtectgtgaaccagcagtgecatttecat
gtggaagagtttctgtttcacaaacttctaagetcaceegtgetgaggea
gtttttectgatgtggactatgtaaattctactgaagetgaaaccatttt
ggataacatcactcaaagcacccaatcatttaatgacttcactegagttyg
ttggtggagaagatgccaaaccaggtcaatteeccttggecaggttgttttyg
aatggtaaagttgatgecattectgtggaggcetctategttaatgaaaaatg
gattgtaactgctgcccactgtgttgaaactggtgttaaaattacagttyg
tcgcaggtgaacataatattgaggagacagaacatacagagcaaaagega
aatgtgattcgaattattectcaccacaactacaatgcagctattaataa
gtacaaccatgacattgcccttetggaactggacgaacecttagtgetaa
acagctacgttacacctatttgecattgetgacaaggaatacacgaacate
ttcctcaaatttggatetggetatgtaagtggetggggaagagtetteca

caaagggagatcagctttagttettcagtaccttagagttecacttgttyg
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accgagccacatgtcttcgatctacaaagttcaccatctataacaacatg

ttctgtgetggettecatgaaggaggtagagattcatgtcaaggagatag
tgggggaccccatgttactgaagtggaagggaccagtttettaactggaa
ttattagctggggtgaagagtgtgcaatgaaaggcaaatatggaatatat
accaaggtatcccggtatgtcaactggattaaggaaaaaacaaagctcac
tagctccagcagcaaggecectecceecgagectgecctecccaagecagge
tgcctgggecctetgacaccectatectgectecagtecagetectctaag
gecccaccaccttecctgectageccttecaagactgecaggecctagega
tacaccaattctgecccagtectecageagecaaggeteccecacctagece
tgccttetecatcaaggetgectggeccatecgataceeccaattttgect
cagagcagctctagcaaggeacctecceccagtetgecctetecaageag
actccctggeccttcagacacteccattetgecacagtgatgaggatceeg
cggeegce.

In another embodiment, the amino acid sequence of Factor
IX-(CTP), (attached to the carboxy terminus) comprises the
following amino acid sequence:

(SEQ ID NO: 33)
SRVDPAMQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRP

KRYNSGKLEEFVQGNLERECMEEKCSFEEAREVFENTERT TEFWKQYVDG
DQCESNPCLNGGSCKDD INSYECWCPFGFEGKNCELDVTCNIKNGRCEQF
CKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAEA
VFPDVDYVNSTEAETILDNITQS TQSFNDFTRVVGGEDAKPGQFPWQVVL
NGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKR
NVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNI
FLKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNM
FCAGFHEGGRDSCQGDSGGPHVTEVEGTSFLTGI ISWGEECAMKGKYGIY
TKVSRYVNWIKEKTKLTSSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSK
APPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSDTPILP
QSSSSKAPPPSLPSPSRLPGPSDTPILPQ* *GSAA.

In another embodiment, the nucleic acid sequence encod-
ing Factor IX-(CTP); (attached to the carboxy terminus)
comprises the following nucleic acid sequence:

(SEQ ID NO: 34)
ctagagtcgaccccgecatgcagegegtgaacatgatcatggcagaatca

ccaggectcatcaccatetgecttttaggatatctactcagtgetgaatyg
tacagtttttcttgatcatgaaaacgccaacaaaattctgaateggecaa
agaggtataattcaggtaaattggaagagtttgttcaagggaaccttgag
agagaatgtatggaagaaaagtgtagttttgaagaagcacgagaagtttt
tgaaaacactgaaagaacaactgaattttggaagcagtatgttgatggag
atcagtgtgagtccaatccatgtttaaatggeggecagttgecaaggatgac
attaattcctatgaatgttggtgtecctttggatttgaaggaaagaactg

tgaattagatgtaacatgtaacattaagaatggcagatgcgagcagtttt
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-continued
gtaaaaatagtgctgataacaaggtggtttgctcectgtactgagggatat
cgacttgcagaaaaccagaagtcctgtgaaccagcagtgccatttccatyg
tggaagagtttctgtttcacaaacttctaagctcaccegtgetgaggeag
tttttectgatgtggactatgtaaattctactgaagctgaaaccattttyg
gataacatcactcaaagcacccaatcatttaatgacttcactecgagttgt
tggtggagaagatgccaaaccaggtcaattcccttggcaggttgttttga
atggtaaagttgatgcattctgtggaggctctatcgttaatgaaaaatgg
attgtaactgctgcccactgtgttgaaactggtgttaaaattacagttgt
cgcaggtgaacataatattgaggagacagaacatacagagcaaaagcgaa
atgtgattcgaattattcctcaccacaactacaatgcagctattaataag
tacaaccatgacattgcccttectggaactggacgaacccttagtgctaaa
cagctacgttacacctatttgcattgctgacaaggaatacacgaacatct
tcctcaaatttggatctggectatgtaagtggetggggaagagtcttecac
aaagggagatcagctttagttcttcagtaccttagagttccacttgttga
ccgagccacatgtcttegatctacaaagttcaccatctataacaacatgt
tctgtgctggettecatgaaggaggtagagattcatgtcaaggagatagt
gggggaccccatgttactgaagtggaagggaccagtttettaactggaat
tattagctggggtgaagagtgtgcaatgaaaggcaaatatggaatatata
ccaaggtatcccggtatgtcaactggattaaggaaaaaacaaagctcact
agctccagcagcaaggeccctecceegagectgecctecccaagecagget
gcctgggecctcetgacacccectatectgectcagtecagetectetaagyg
ctccaccaccttceectgectageccttcaagactgecaggecctagegat
acaccaattctgccccagtcctecagcagcaaggctceccccacctagect
gccttctecatcaaggetgectggeccatecgataccecaattttgecte
agagcagctctagcaaggcacctcecccccagtectgecctetecaagcaga
ctcecctggeccttecagacactecaatccteccacagtectetagetctaa
agctcecaccteccagectgeccagecctagtagactecceggaccttetyg
atacccccatcttgecccagtgatgaggatccgeggecge.

In another embodiment, the amino acid sequence of Factor
IX-(CTP), (attached to the carboxy terminus) comprises the
following amino acid sequence:

(SEQ ID NO: 35)
RVDPAMQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPK

RYNSGKLEEFVQGNLERECMEEKCSFEEAREVFENTERT TEFWKQYVDGD
QCESNPCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFC
KNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAEAV
FPDVDYVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLN
GKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNI EETEHTEQKRN
VIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIF
LKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMF

CAGFHEGGRDSCQGDSGGPHVTEVEGTSFLTGIISWGEECAMKGKYGIYT
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KVSRYVNWIKEKTKLTS SSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKA
PPPSLPSPSRLPGPSDTPILPQSSS SKAPPPSLPSPSRLPGPSDTPILPQ
SSSSKAPPPSLPSPSRLPGPSDTPILPQSSSSKAPPPSLPSPSRLPGPSD
TPILPQ**GSAA .

In another embodiment, furin is added to a cell expressing
the coagulation factor-CTP of the invention. In another
embodiment, furin increases the production efficiency of a
coagulation factor-CTP of the invention in a cell. In another
embodiment, furin is co-transfected with the vector compris-
ing the coding sequence of the coagulation factor-CTP of the
invention. In another embodiment, furin is encoded by a
separate vector. In another embodiment, furin and a coagula-
tion factor-CTP are encoded by one vector. In another
embodiment, the coding sequence of furin is inserted into
pCI-DHFR. In another embodiment, the coding sequence of
furin is engineered in pCI-dhfr/smal+Notl, Furin/AsisI F.I.+
Notl.

In another embodiment, the nucleic acid sequence encod-
ing furin comprises the following nucleic acid sequence:

(SEQ ID NO: 22)
tctagagtcgaccccgecatggagetgaggecctggttgetatgggtggt

agcagcaacaggaaccttggtectgetagecagetgatgetcagggecaga
aggtcttcaccaacacgtgggetgtgegeateectggaggeccageggtyg
geccaacagtgtggcacggaagcatgggttectcaacctgggecagatett
cggggactattaccacttetggeategaggagtgacgaageggtecetgt
cgecteaccgeccgeggeacagecggetgecagagggagectcaagtacag
tggctggaacagcaggtggcaaagegacggactaaacgggacgtgtacca
ggagcccacagaccccaagtttectcagecagtggtacetgtetggtgtea
ctcagegggacctgaatgtgaaggeggectgggegeagggetacacaggg
cacggcattgtggtctecattetggacgatggecategagaagaaccacee
ggacttggcaggcaattatgatcctggggecagttttgatgtcaatgace
aggaccctgacccccagecteggtacacacagatgaatgacaacaggeac
ggcacacggtgtgegggggaagtggetgeggtggecaacaacggtgtetyg
tggtgtaggtgtggectacaacgeccgeattggaggggtgegeatgetgg
atggcgaggtgacagatgcagtggaggcacgetegetgggectgaacceee
aaccacatccacatctacagtgecagetggggecccgaggatgacggeaa
gacagtggatgggccagecegectegecgaggaggecttetteegtgggy
ttagccagggecegaggggggetgggetecatetttgtetgggect cgggg
aacgggggccgggaacatgacagctgecaactgegacggetacaccaacag
tatctacacgctgtccatcageagegecacgeagtttggecaacgtgeegt
ggtacagcgaggcectgctegtecacactggecacgacctacageagtgge
aaccagaatgagaagcagatcgtgacgactgatttgeggcagaagtgeac
ggagtctcacacgggcacctcagectetgeccecttageagecggeatea
ttgcteteaccctggaggecaataagaacctecacatggegggacatgeaa

cacctggtggtacagacctegaagecageccacctcaatgecaacgactyg
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-continued
ggccaccaatggtgtgggecggaaagtgagcecactcatatggetacggge

ttttggacgcaggegecatggtggecctggeccagaattggaccacagtyg
gceccccageggaagtgecatcategacatectcacegageccaaagacat
cgggaaacggctegaggtgeggaagacegtgacegegtgectgggegage
ccaaccacatcacteggetggageacgetcaggegeggetcaceetgtee
tataatcgcegtggegacctggecatecacctggtecagecccatgggeac
cegetecacectgetggeagecaggecacatgactactecgecagatgggt
ttaatgactgggecttecatgacaactcattectgggatgaggatecectet
ggcgagtgggtectagagattgaaaacaccagegaagecaacaactatgg
gacgctgaccaagttcaccctegtactetatggeacegecectgagggge
tgccegtacctecagaaagecagtggetgecaagacectecacgtecagtecag
geetgtgtggtgtgegaggaaggettetecctgeaccagaagagetgtgt
ccagcactgecctecaggettegecceccaagtectegatacgeactata
gcaccgagaatgacgtggagaccateegggecagegtetgegececectge
cacgccteatgtgecacatgecaggggecggecctgacagactgectcag
ctgccccagecacgectecttggacectgtggagecagacttgetecegge
aaagccagagcagecgagagteccegecacagecageagecaccteggetyg
cceccggaggtggaggeggggeaacggetgegggeagggetgetgeecte
acacctgectgaggtggtggecggectecagetgegecttecategtgetygg
tcttegtecactgtettectggtectgeagetgegetetggetttagtttt
cggggggtgaaggtgtacaccatggacegtggectecatetectacaaggg
getgeccectgaagectggecaggaggagtgecegtetgactcagaagagyg
acgagggccggggegagaggaccgectttatcaaagaccagagegeecte

tgaacgecggecge.

In another embodiment, the amino acid sequence of furin
comprises the following amino acid sequence:

(SEQ ID NO: 23)
MELRPWLLWVVAATGTLVLLAADAQGQKVFTNTWAVRIPGGPAVANSVAR

KHGFLNLGQIFGDYYHFWHRGVTKRSLSPHRPRHSRLQREPQVOWLEQQV
AKRRTKRDVYQEPTDPKKPQOWYLSGVTQRDLNVKAAWAQGYTGHGIVVS
ILDDGIEKNHPDLAGNYDPGASFDVNDQDPDPQPRY TQMNDNRHGTRCAG
EVAAVANNGVCGVGVAYNARIGGVRMLDGEVTDAVEARSLGLNPNHIHIY
SASWGPEDDGKTVDGPARLAEEAFFRGVSQGRGGLGSIFVWASGNGGREH
DSCNCDGYTNSIYTLSISSATQFGNVPWYSEACSSTLATTYSSGNQONEKQ
IVTTDLRQKCTESHTGTSASAPLAAGIIALTLEANKNLTWRDMQHLVVQT
SKPAHLNANDWATNGVGRKVSHSYGYGLLDAGAMVALAQNWTTVAPQRKC
IIDILTFPKDIGKRLEVRKTVTACLGEPNHITRLEHAQARLTLSYNRRGD
LAIHLVSPMGTRSTLLAARPHDY SADGFNDWAFMTTHSWDEDPSGEWVLE
IENTSEANNYGTLTKFTLVLYGTAPEGLPVPPESSGCKTLTSSQACVVCE
EGFSLHQKSCVQHCPPGFAPQVLDTHYSTENDVETIRASVCAPCHASCAT

CQGPALTDCLSCPSHASLDPVEQTCSRQSQSSRESPPQQQOPPRLPPEVEA
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GORLRAGLLPSHLPEVVAGLS CAFTVLVEVTVFLVLQLRSGFSFRGVKVY
TMDRGLISYKGLPPEAWQEECPSDSEEDEGRGERTAFTIKDQSAL* .

In one embodiment, the term coagulation factor further
includes a homologue of a known coagulation factor. In one
embodiment, the homologue has a coagulating activity. In
some embodiments, homology according to the present
invention also encompasses deletion, insertion, or substitu-
tion variants, including an amino acid substitution, thereof
and biologically active polypeptide fragments thereof. In one
embodiment, the variant comprises conservative substitu-
tions, or deletions, insertions, or substitutions that do not
significantly alter the three dimensional structure of the
coagulation factor. In another embodiment, the deletion,
insertion, or substitution does not alter the function of interest
of the coagulation factor, which in one embodiment, is bind-
ing to a particular binding partner.

In another embodiment, the invention includes a homo-
logue of a coagulation factor. In another embodiment, the
invention includes a homologue of a coagulation factor hav-
ing a coagulation activity. In another embodiment, the inven-
tion includes a homologue of a coagulation factor having
functional binding. In another embodiment, the invention
includes homologues of a coagulation factor as described
herein having a coagulation activity. In another embodiment,
the invention includes homologues of a coagulation factor as
described herein having functional binding. In another
embodiment, homologues e.g., polypeptides which are at
least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 87%, at
least 89%, at least 91%, at least 93%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% homologous
to a coagulation factor as determined using BlastP software of
the National Center of Biotechnology Information (NCBI)
using default parameters.

In another embodiment, the invention includes homo-
logues of furin. In another embodiment, the invention
includes homologues of furin maintaining a function of inter-
est, which in one embodiment is cleaving of a precursor
protein. In another embodiment, homologues e.g., polypep-
tides which are at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 87%, at least 89%, at least 91%, at least 93%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99%
homologous to a furin as determined using BlastP software of
the National Center of Biotechnology Information (NCBI)
using default parameters.

In another embodiment, provided herein is a polypeptide
comprising a coagulation factor and one to ten gonadotrophin
carboxy terminal peptides (CTPs) attached to the carboxy
terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide comprising a coagulation
factor and one to three gonadotrophin carboxy terminal pep-
tides (CTPs) attached to the carboxy terminus of the coagu-
lation factor. In another embodiment, provided herein is a
polypeptide comprising a coagulation factor and one to five
gonadotrophin carboxy terminal peptides (CTPs) attached to
the carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor having at least one CTP on its carboxy
terminus.

In another embodiment, provided herein is a polypeptide
consisting of a coagulation factor and one to five gonadotro-
phin carboxy terminal peptides (CTPs) attached to the car-
boxy terminus of the coagulation factor.
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In another embodiment, provided herein is a polypeptide
consisting essentially of a coagulation factor and one to five
CTPs attached to the carboxy terminus of the coagulation
factor.

Itis to be understood that the compositions and methods of
the present invention comprising the elements or steps as
described herein may, in another embodiment, consist of
those elements or steps, or in another embodiment, consist
essentially of those elements or steps. In some embodiments,
the term “comprise” refers to the inclusion of the indicated
active agent, such as the CTP-modified coagulation factor, as
well as inclusion of other active agents, and pharmaceutically
acceptable carriers, excipients, emollients, stabilizers, etc., as
are known in the pharmaceutical industry. In some embodi-
ments, the term “consisting essentially of” refers to a com-
position, whose only active ingredient is the indicated active
ingredient, however, other compounds may be included
which are for stabilizing, preserving, etc. the formulation, but
are not involved directly in the therapeutic effect of the indi-
cated active ingredient. In some embodiments, the term “con-
sisting essentially of” may refer to components which facili-
tate the release of the active ingredient. In some
embodiments, the term “consisting” refers to a composition,
which contains the active ingredient and a pharmaceutically
acceptable carrier or excipient.

In one embodiment, the present invention provides a
polypeptide comprising a coagulation factor and two gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor and two to three CTPs attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor and two to four CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide comprising a coagu-
lation factor and two to five CTPs attached to the carboxy
terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide comprising a coagulation
factor and two to six CTPs attached to the carboxy terminus of
the coagulation factor. In another embodiment, provided
herein is a polypeptide comprising a coagulation factor and
two to seven CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide comprising a coagulation factor and two to
eight CTPs attached to the carboxy terminus of the coagula-
tion factor. In another embodiment, provided herein is a
polypeptide comprising a coagulation factor and two to nine
CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide comprising a coagulation factor and two to ten CTPs
attached to the carboxy terminus of the coagulation factor.

In one embodiment, the present invention provides a
polypeptide comprising a coagulation factor and three gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor and three to four CTPs attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor and three to five CTPs attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor and three to six CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide comprising a coagu-
lation factor and three to seven CTPs attached to the carboxy
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terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide comprising a coagulation
factor and three to eight CTPs attached to the carboxy termi-
nus of the coagulation factor. In another embodiment, pro-
vided herein is a polypeptide comprising a coagulation factor
and three to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide comprising a coagulation factor and three to
ten CTPs attached to the carboxy terminus of the coagulation
factor.

In one embodiment, the present invention provides a
polypeptide comprising a coagulation factor and four gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor and four to five CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide comprising a coagu-
lation factor and four to six CTPs attached to the carboxy
terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide comprising a coagulation
factor and four to seven CTPs attached to the carboxy termi-
nus of the coagulation factor. In another embodiment, pro-
vided herein is a polypeptide comprising a coagulation factor
and four to eight CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide comprising a coagulation factor and four to
nine CTPs attached to the carboxy terminus of the coagula-
tion factor. In another embodiment, provided herein is a
polypeptide comprising a coagulation factor and four to ten
CTPs attached to the carboxy terminus of the coagulation
factor.

In one embodiment, the present invention provides a
polypeptide comprising a coagulation factor and five gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide comprising a
coagulation factor and five to six CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide comprising a coagu-
lation factor and five to seven CTPs attached to the carboxy
terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide comprising a coagulation
factor and five to eight CTPs attached to the carboxy terminus
of the coagulation factor. In another embodiment, provided
herein is a polypeptide comprising a coagulation factor and
five to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide comprising a coagulation factor and five to
ten CTPs attached to the carboxy terminus of the coagulation
factor.

In one embodiment, the present invention provides a
polypeptide consisting of a coagulation factor and two gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide consisting of a
coagulation factor and two to three CTPs attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide consisting of a
coagulation factor and two to four CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide consisting of a coagu-
lation factor and two to five CTPs attached to the carboxy
terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide consisting of a coagulation
factor and two to six CTPs attached to the carboxy terminus of
the coagulation factor. In another embodiment, provided
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herein is a polypeptide consisting of a coagulation factor and
two to seven CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting of a coagulation factor and two to
eight CTPs attached to the carboxy terminus of the coagula-
tion factor. In another embodiment, provided herein is a
polypeptide consisting of a coagulation factor and two to nine
CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting of a coagulation factor and two to ten CTPs
attached to the carboxy terminus of the coagulation factor.

In one embodiment, the present invention provides a
polypeptide consisting of a coagulation factor and three gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide consisting of a
coagulation factor and three to four CTPs attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide consisting of a
coagulation factor and three to five CTPs attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide consisting of a
coagulation factor and three to six CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide consisting of a coagu-
lation factor and three to seven CTPs attached to the carboxy
terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide consisting of a coagulation
factor and three to eight CTPs attached to the carboxy termi-
nus of the coagulation factor. In another embodiment, pro-
vided herein is a polypeptide consisting of a coagulation
factor and three to nine CTPs attached to the carboxy termi-
nus of the coagulation factor. In another embodiment, pro-
vided herein is a polypeptide consisting of a coagulation
factor and three to ten CTPs attached to the carboxy terminus
of the coagulation factor.

In one embodiment, the present invention provides a
polypeptide consisting of a coagulation factor and four gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide consisting of a
coagulation factor and four to five CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide consisting of a coagu-
lation factor and four to six CTPs attached to the carboxy
terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide consisting of a coagulation
factor and four to seven CTPs attached to the carboxy termi-
nus of the coagulation factor. In another embodiment, pro-
vided herein is a polypeptide consisting of a coagulation
factor and four to eight CTPs attached to the carboxy terminus
of the coagulation factor. In another embodiment, provided
herein is a polypeptide consisting of a coagulation factor and
four to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting of a coagulation factor and four to
ten CTPs attached to the carboxy terminus of the coagulation
factor.

In one embodiment, the present invention provides a
polypeptide consisting of a coagulation factor and five gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of the coagulation factor. In another
embodiment, provided herein is a polypeptide consisting of a
coagulation factor and five to six CTPs attached to the car-
boxy terminus of the coagulation factor. In another embodi-
ment, provided herein is a polypeptide consisting of a coagu-
lation factor and five to seven CTPs attached to the carboxy



US 9,249,407 B2

35

terminus of the coagulation factor. In another embodiment,
provided herein is a polypeptide consisting of a coagulation
factor and five to eight CTPs attached to the carboxy terminus
of the coagulation factor. In another embodiment, provided
herein is a polypeptide consisting of a coagulation factor and
five to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting of a coagulation factor and five to
ten CTPs attached to the carboxy terminus of the coagulation
factor.

In one embodiment, the present invention provides a
polypeptide consisting essentially of a coagulation factor and
two gonadotrophin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of the coagulation factor. In
another embodiment, provided herein is a polypeptide con-
sisting essentially of a coagulation factor and two to three
CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting essentially of a coagulation factor and two to
four CTPs attached to the carboxy terminus of the coagula-
tion factor. In another embodiment, provided herein is a
polypeptide consisting essentially of a coagulation factor and
two to five CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and two to six CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and two to seven CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and two to eight CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and two to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and two to ten CTPs attached to the carboxy terminus of the
coagulation factor.

In one embodiment, the present invention provides a
polypeptide consisting essentially of a coagulation factor and
three gonadotrophin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of the coagulation factor. In
another embodiment, provided herein is a polypeptide con-
sisting essentially of a coagulation factor and three to four
CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting essentially of a coagulation factor and three to
five CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting essentially of a coagulation factor and three to
six CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting essentially of a coagulation factor and three to
seven CTPs attached to the carboxy terminus of the coagula-
tion factor. In another embodiment, provided herein is a
polypeptide consisting essentially of a coagulation factor and
three to eight CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and three to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and three to ten CTPs attached to the carboxy terminus of the
coagulation factor.

In one embodiment, the present invention provides a
polypeptide consisting essentially of a coagulation factor and
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four gonadotrophin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of the coagulation factor. In
another embodiment, provided herein is a polypeptide con-
sisting essentially of a coagulation factor and four to five
CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting essentially of a coagulation factor and four to
six CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting essentially of a coagulation factor and four to
seven CTPs attached to the carboxy terminus of the coagula-
tion factor. In another embodiment, provided herein is a
polypeptide consisting essentially of a coagulation factor and
four to eight CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and four to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and four to ten CTPs attached to the carboxy terminus of the
coagulation factor.

In one embodiment, the present invention provides a
polypeptide consisting essentially of a coagulation factor and
five gonadotrophin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of the coagulation factor. In
another embodiment, provided herein is a polypeptide con-
sisting essentially of a coagulation factor and five to six CTPs
attached to the carboxy terminus of the coagulation factor. In
another embodiment, provided herein is a polypeptide con-
sisting essentially of a coagulation factor and five to seven
CTPs attached to the carboxy terminus of the coagulation
factor. In another embodiment, provided herein is a polypep-
tide consisting essentially of a coagulation factor and five to
eight CTPs attached to the carboxy terminus of the coagula-
tion factor. In another embodiment, provided herein is a
polypeptide consisting essentially of a coagulation factor and
five to nine CTPs attached to the carboxy terminus of the
coagulation factor. In another embodiment, provided herein
is a polypeptide consisting essentially of a coagulation factor
and five to ten CTPs attached to the carboxy terminus of the
coagulation factor.

In another embodiment, provided herein is a polypeptide
comprising, consisting essentially of, or consisting of a
coagulation factor having no CTPs on its amino terminus. In
another embodiment, provided herein is a polypeptide com-
prising, consisting essentially of, or consisting of a coagula-
tion factor lacking a CTP on its amino terminus. In another
embodiment, provided herein is a polypeptide comprising,
consisting essentially of, or consisting of a coagulation factor
having at least one CTP on its carboxy terminus and no CTPs
on its amino terminus. In another embodiment, provided
herein is a polypeptide comprising, consisting essentially of,
or consisting of a coagulation factor having the number of
CTPs on its carboxy terminus as described herein and no
CTPs on its amino terminus.

In another embodiment, the present invention provides a
polynucleotide encoding a polypeptide as described herein-
above.

In another embodiment, the present invention further pro-
vides a composition comprising an expression vector com-
prising a polynucleotide encoding a CTP-modified polypep-
tide consisting of a Factor IX (FIX) polypeptide and three
gonadotropin carboxy terminal peptides (CTPs) attached to
the carboxy terminus of said FIX polypeptide.

In another embodiment, the present invention further pro-
vides apolynucleotide encoding a CTP-modified polypeptide
consisting of a Factor VIla (FVIla) polypeptide and three
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gonadotropin carboxy terminal peptides (CTPs) attached to
the carboxy terminus of said FVIIa polypeptide.

In one embodiment, the present invention provides a
recombinant coagulation factor as described hereinabove. In
one embodiment, the present invention provides an engi-
neered coagulation factor as described hereinabove. In one
embodiment, the engineered coagulation factor as described
hereinabove is referred to as a CTP-modified coagulation
factor.

In one embodiment, the CTPs that are attached to the
carboxy terminus of the coagulation factor are attached in
tandem to the carboxy terminus.

In one embodiment, an engineered coagulation factor as
described herein has equivalent or improved biological activ-
ity compared to the non-CTP-modified coagulation factor. In
another embodiment, an engineered coagulation factor as
described herein has equivalent or improved pharmacological
measurements compared to the non-CTP-modified coagula-
tion factor. In another embodiment, an engineered coagula-
tion factor as described herein has equivalent or improved
pharmacokinetics compared to the non-CTP-modified
coagulation factor. In another embodiment, an engineered
coagulation factor as described herein has equivalent or
improved pharmacodynamics compared to the non-CTP-
modified coagulation factor.

In one embodiment, the present invention provides a cell
comprising an expression vector comprising a polynucleotide
encoding a CTP-modified polypeptide consisting of a Factor
VII (FVII) polypeptide and three to five gonadotropin car-
boxy terminal peptides (CTPs) attached to the carboxy ter-
minus of said FVII polypeptide. In another embodiment, the
present invention provides a cell comprising an expression
vector comprising a polynucleotide encoding a CTP-modi-
fied polypeptide consisting of a Factor VII (FVII) polypeptide
and three gonadotropin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FVII polypeptide. In
another embodiment, the present invention provides a cell
comprising an expression vector comprising a polynucleotide
encoding a CTP-modified polypeptide consisting of a Factor
VII(FVII) polypeptide and five gonadotropin carboxy termi-
nal peptides (CTPs) attached to the carboxy terminus of said
FVII polypeptide.

In one embodiment, the term “three to five” when referring
to gonadotropin carboxy terminal peptides (CTPs), refers to
attaching three, four, or five CTPs to the carboxy terminal of
a coagulation factor polypeptide provided herein

In one embodiment, the present invention provides a com-
position comprising an expression vector comprising a poly-
nucleotide encoding a CTP-modified polypeptide consisting
of'a Factor VII (FVII) polypeptide and three to five gonadot-
ropin carboxy terminal peptides (CTPs) attached to the car-
boxy terminus of said FVII polypeptide. In another embodi-
ment, the present invention provides a composition
comprising an expression vector comprising a polynucleotide
encoding a CTP-modified polypeptide consisting of a Factor
VII (FVII) polypeptide and three gonadotropin carboxy ter-
minal peptides (CTPs) attached to the carboxy terminus of
said FVII polypeptide. In another embodiment, the present
invention provides a composition comprising an expression
vector comprising a polynucleotide encoding a CTP-modi-
fied polypeptide consisting of a Factor VII (FVII) polypeptide
and five gonadotropin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FVII polypeptide.

In one embodiment, the present invention provides a
method of extending the biological half-life of a Factor VII
(FVII) polypeptide, comprising the step of attaching three to
five chorionic gonadotrophin carboxy terminal peptides
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(CTPs) to the carboxy terminus of said FVII polypeptide,
thereby extending the biological half-life of said FVII
polypeptide. In another embodiment, the present invention
provides a method of extending the biological half-life of a
Factor VII (FVII) polypeptide, comprising the step of attach-
ing three chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FVII polypeptide,
thereby extending the biological half-life of said FVII
polypeptide. In another embodiment, the present invention
provides a method of extending the biological half-life of a
Factor VII (FVII) polypeptide, comprising the step of attach-
ing five chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FVII polypeptide,
thereby extending the biological half-life of said FVII
polypeptide.

In another embodiment, the present invention provides a
method of improving the area under the curve (AUC) of a
Factor VII (FVII) polypeptide, comprising the step of attach-
ing three to five chorionic gonadotrophin carboxy terminal
peptides (CTPs) to the carboxy terminus of said FVII
polypeptide, thereby improving the AUC of said FVII
polypeptide. In another embodiment, the present invention
provides a method of improving the area under the curve
(AUC) of a Factor VII (FVII) polypeptide, comprising the
step of attaching three chorionic gonadotrophin carboxy ter-
minal peptides (CTPs) to the carboxy terminus of said FVII
polypeptide, thereby improving the AUC of said FVII
polypeptide. In another embodiment, the present invention
provides a method of improving the area under the curve
(AUC) of a Factor VII (FVII) polypeptide, comprising the
step of attaching five chorionic gonadotrophin carboxy ter-
minal peptides (CTPs) to the carboxy terminus of said FVII
polypeptide, thereby improving the AUC of said FVII
polypeptide.

In one embodiment, the present invention provides a
method of reducing the dosing frequency of a Factor VII
(FVII) polypeptide, comprising the step of attaching three to
five chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FVII polypeptide,
thereby reducing the dosing frequency of said FVII polypep-
tide. In another embodiment, the present invention provides a
method of reducing the dosing frequency of a Factor VII
(FVII) polypeptide, comprising the step of attaching three
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FVII polypeptide, thereby
reducing the dosing frequency of said FVII polypeptide. In
another embodiment, the present invention provides a method
of reducing the dosing frequency of a Factor VII (FVII)
polypeptide, comprising the step of attaching five chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FVII polypeptide, thereby reducing the
dosing frequency of said FVII polypeptide.

In one embodiment, the present invention provides a
method of reducing the clearance rate of a Factor VII (FVII)
polypeptide, comprising the step of attaching three to five
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FVII polypeptide, thereby
reducing the clearance rate of said FVII polypeptide. In
another embodiment, the present invention provides a method
of reducing the clearance rate of a Factor VII (FVII) polypep-
tide, comprising the step of attaching three chorionic gona-
dotrophin carboxy terminal peptides (CTPs) to the carboxy
terminus of said FVII polypeptide, thereby reducing the
clearance rate of said FVII polypeptide. In another embodi-
ment, the present invention provides a method of reducing the
clearance rate of a Factor VII (FVII) polypeptide, comprising
the step of attaching five chorionic gonadotrophin carboxy
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terminal peptides (CTPs) to the carboxy terminus of said
FVII polypeptide, thereby reducing the clearance rate of said
FVII polypeptide.

In one embodiment, the present invention provides a
method of producing a CTP-modified Factor VII (FVII)
polypeptide, comprising the step of attaching three to five
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FVII polypeptide, thereby
producing a CTP-modified FVII polypeptide. In another
embodiment, the present invention provides a method of pro-
ducing a CTP-modified Factor VII (FVII) polypeptide, com-
prising the step of attaching three chorionic gonadotrophin
carboxy terminal peptides (CTPs) to the carboxy terminus of
said FVII polypeptide, thereby producing a CTP-modified
FVII polypeptide. In another embodiment, the present inven-
tion provides a method of producing a CTP-modified Factor
VII (FVII) polypeptide, comprising the step of attaching five
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FVII polypeptide, thereby
producing a CTP-modified FVII polypeptide.

In another embodiment, the present invention provides a
method of treating hemophilia in a subject comprising admin-
istering a CTP-modified Factor VII (FVII) polypeptide com-
prising a FVII polypeptide and three to five chorionic gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of said FVII polypeptide to said subject,
thereby treating hemophilia in said subject. In another
embodiment, the present invention provides a method of
treating hemophilia in a subject comprising administering a
CTP-modified Factor VII (FVII) polypeptide comprising a
FVII polypeptide and three chorionic gonadotrophin carboxy
terminal peptides (CTPs) attached to the carboxy terminus of
said FVII polypeptide to said subject, thereby treating hemo-
philia in said subject. In another embodiment, the present
invention provides a method of treating hemophilia in a sub-
ject comprising administering a CTP-modified Factor VII
(FVII) polypeptide comprising a FVII polypeptide and five
chorionic gonadotrophin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FVII polypeptide to
said subject, thereby treating hemophilia in said subject.

In another embodiment, the methods provided herein fur-
ther comprise the step of attaching four chorionic gonadotro-
phin carboxy terminal peptides (CTPs) to the carboxy termi-
nus of said FVII polypeptide.

In one embodiment, the present invention provides a
method of treating hemophilia in a subject comprising admin-
istering a CTP-modified coagulation factor of the present
invention. In another embodiment, the present invention pro-
vides a method of treating hemophilia in a subject comprising
administering a CTP-modified Factor IX of the present inven-
tion. In one embodiment, hemophilia is hemophilia B. In one
embodiment, hemophilia B is known as factor IX deficiency
or Christmas disease. In one embodiment, the hemophilia is
severe hemophilia, which in one embodiment, describes
hemophilia in which the coagulation factor levels are 0-1%.
In another embodiment, the hemophilia is moderate hemo-
philia, which in one embodiment, describes hemophilia in
which the coagulation factor levels are 1-5%. In another
embodiment, the hemophilia is mild hemophilia, which in
one embodiment, describes hemophilia in which the coagu-
lation factor levels are 5-50%.

In another embodiment, the present invention provides a
method of treating hemophilia in a subject comprising admin-
istering a CTP-modified Factor IX (FIX) polypeptide com-
prising a FIX polypeptide and three to five chorionic gona-
dotrophin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of said FIX polypeptide to said subject,
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thereby treating hemophilia in said subject. In another
embodiment, the present invention provides a method of
treating hemophilia in a subject comprising administering a
CTP-modified Factor IX (FIX) polypeptide comprising a FIX
polypeptide and three chorionic gonadotrophin carboxy ter-
minal peptides (CTPs) attached to the carboxy terminus of
said FIX polypeptide to said subject, thereby treating hemo-
philia in said subject. In another embodiment, the present
invention provides a method of treating hemophilia in a sub-
ject comprising administering a CTP-modified Factor IX
(FIX) polypeptide comprising a FIX polypeptide and five
chorionic gonadotrophin carboxy terminal peptides (CTPs)
attached to the carboxy terminus of said FIX polypeptide to
said subject, thereby treating hemophilia in said subject. In
another embodiment, the present invention provides a method
of treating hemophilia in a subject comprising administering
a CTP-modified Factor V1la (FVIIa) polypeptide comprising
a FVIla polypeptide and three to five chorionic gonadotro-
phin carboxy terminal peptides (CTPs) attached to the car-
boxy terminus of said FVIla polypeptide to said subject,
thereby treating hemophilia in said subject.

In another embodiment, the present invention provides a
method of treating hemophilia in a subject comprising admin-
istering one or more CTP-modified coagulation factors as
described herein to said subject. Thus, in one embodiment,
the present invention provides a method of treating hemo-
philia in a subject comprising administering a CTP-modified
Factor IX (FIX) polypeptide comprising a FIX polypeptide
and three chorionic gonadotrophin carboxy terminal peptides
(CTPs) attached to the carboxy terminus of said FIX polypep-
tide and a CTP-modified Factor VIla (FVIla) polypeptide
comprising a FVIla polypeptide and three to five chorionic
gonadotrophin carboxy terminal peptides (CTPs) attached to
the carboxy terminus of said FVIIa polypeptide to said sub-
ject, thereby treating hemophilia in said subject. In one
embodiment, the CTP-modified FIX and the CTP-modified
FVIla are administered in the same composition at the same
time. In another embodiment, the CTP-modified FIX and the
CTP-modified FVIla are administered in separate composi-
tions at the same time. In another embodiment, the CTP-
modified FIX and the CTP-modified FVIla are administered
in separate compositions at separate times.

In other embodiments, the engineered coagulation factor is
for the treatment of hemophilia B patients. In one embodi-
ment, coagulation Factor IX comprising 3 CTPs in tandem in
its carboxy terminus is for the treatment of hemophilia B
patients. In one embodiment, coagulation Factor IX compris-
ing 4 CTPs in tandem in its carboxy terminus is for the
treatment of hemophilia B patients. In one embodiment,
coagulation Factor IX comprising 5 CTPs in tandem in its
carboxy terminus is for the treatment of hemophilia B
patients. In another embodiment, coagulation Factor IX com-
prising 2 CTPs in tandem in its carboxy terminus is for the
treatment of hemophilia B patients. In another embodiment,
coagulation Factor IX comprising 1 CTP repeat in its carboxy
terminus is for the treatment of hemophilia B patients. In
other embodiments, the engineered coagulation factor can
reduce the number of infusions required for a patient, reduce
the required doses for a patient, or a combination thereof.

In one embodiment, coagulation Factor IX comprising 3
CTPs in tandem in its carboxy terminus exhibits an improved
PK profile while maintaining its coagulation activity vs. FIX-
CTP-CTP harvest, FIX-CTP harvest or rhFIX. In one
embodiment, the elimination half-life of rFIX-CTP3 is 2.5-to
4-fold longer than rFIX in rats and in FIX-deficient mice. In
one embodiment, the administration of rFIX-CTP3 signifi-
cantly prolonged the procoagulatory effect in FIX-deficient
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mice for at least 76 hr after dosing. In one embodiment, the
administration of rtFIX-CTP3 produced a higher activity peak
than rFIX in FIX-deficient mice. In another embodiment,
coagulation Factor IX comprising 2 CTPs in tandem in its
carboxy terminus exhibits an improved PK profile while
maintaining its coagulation activity vs. FIX-CTP harvest or
rhFIX. In another embodiment, coagulation Factor IX com-
prising 2 CTPs in tandem in its carboxy terminus exhibits
3-fold increase in half-life and 4.5-fold higher AUC com-
pared to rhFIX.

In one embodiment, coagulation Factor VII comprising 3
CTPs in tandem in its carboxy terminus exhibits an improved
PK profile while maintaining its coagulation activity vs.
NovoSeven® (see Table 59 and FIG. 36).

In another embodiment, the terms “CTP peptide,” “car-
boxy terminal peptide” and “CTP sequence” are used inter-
changeably herein. In another embodiment, the carboxy ter-
minal peptide is a full-length CTP. Each possibility represents
a separate embodiment of the invention.

In another embodiment, a signal peptide is attached to the
amino terminus of the CTP, as described in U.S. Pat. No.
7,553,940, which is incorporated by reference herein in its
entirety.

In other embodiments, the term engineered coagulation
factor refers to the amino acid sequence of a matured coagu-
lation factor. In other embodiments, the term engineered
coagulation factor refers to the amino acid sequence of the
coagulation factor including its signal sequence or signal
peptide.

In another embodiment, “signal sequence” and “signal
peptide” are used interchangeably herein. In another embodi-
ment, “sequence” when in reference to a polynucleotide mol-
ecule can refer to a coding portion. Each possibility repre-
sents a separate embodiment of the present invention.

In another embodiment, an engineered coagulation factor
comprising at least one CTP as described herein has enhanced
in vivo biological activity compared the same coagulation
factor without at least one CTP. In one embodiment, the
enhanced biological activity stems from the longer half-life of
the engineered coagulation factor while maintaining at least
some biological activity. In another embodiment, the
enhanced biological activity stems from enhanced biological
activity resulting from the CTP modification. In another
embodiment, the enhanced biological activity stems from
both a longer half-life and from enhanced functionality of the
CTP-modified coagulation factor.

In some embodiments, at least one CTP sequence at the
carboxy terminal end of the coagulation factor provides
enhanced protection against degradation of a coagulation
factor. In some embodiments, at least one CTP sequence at
the carboxy terminal end of the coagulation factor provides
enhanced protection against clearance. In some embodi-
ments, at least one CTP sequence at the carboxy terminal end
of the coagulation factor provides prolonged clearance time.
In some embodiments, at least one CTP sequence at the
carboxy terminal end of the coagulation factor enhances its
Cmax. In some embodiments, at least one CTP sequence at
the carboxy terminal end of the coagulation factor enhances
its Tmax. In some embodiments, at least one CTP sequence at
the carboxy terminal end of the coagulation factor prolongs
its TVA.

In another embodiment, a conjugated coagulation factor of
this invention is used in the same manner as an unmodified
conjugated coagulation factor. In another embodiment, a con-
jugated coagulation factor of this invention has an increased
circulating half-life and plasma residence time, decreased
clearance, and increased clinical activity in vivo. In another
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embodiment, due to the improved properties of the conju-
gated coagulation factor as described herein, this conjugate is
administered less frequently than the unmodified form of the
same coagulation factor.

In another embodiment, decreased frequency of adminis-
tration will result in improved treatment strategy, which in
one embodiment, will lead to improved patient compliance
leading to improved treatment outcomes, as well as improved
patient quality of life. In another embodiment, compared to
conventional conjugates of coagulation factors, it has been
found that conjugates having the molecular weight and linker
structure of the conjugates of this invention have an improved
potency, improved stability, elevated AUC levels, and
enhanced circulating half-life.

In another embodiment, the present invention further pro-
vides a pharmaceutical composition comprising a CTP-
modified Factor IX (FIX) polypeptide consisting of a FIX
polypeptide and three gonadotropin carboxy terminal pep-
tides (CTPs) attached to the carboxy terminus of said CTP-
modified FIX polypeptide.

In another embodiment, the present invention further pro-
vides a pharmaceutical composition comprising a CTP-
modified Factor VIla (FVIla) polypeptide consisting of a
FVIla polypeptide and three gonadotropin carboxy terminal
peptides (CTPs) attached to the carboxy terminus of said
FVIla.

In another embodiment, the present invention further pro-
vides a pharmaceutical composition comprising a CTP-
modified Factor VIla (FVIla) polypeptide consisting of a
FVIla polypeptide and four gonadotropin carboxy terminal
peptides (CTPs) attached to the carboxy terminus of said
FVIla.

In another embodiment, the present invention further pro-
vides a pharmaceutical composition comprising a CTP-
modified Factor VIla (FVIla) polypeptide consisting of a
FVIla polypeptide and five gonadotropin carboxy terminal
peptides (CTPs) attached to the carboxy terminus of said
FVIla.

In another embodiment, provided herein is a composition
comprising a conjugated coagulation factor as described
herein. In another embodiment, provided herein is a pharma-
ceutical composition comprising the conjugated coagulation
factor as described herein. In another embodiment, provided
herein is a pharmaceutical composition comprising a thera-
peutically effective amount of the conjugated coagulation
factor as described herein. In one embodiment, a therapeuti-
cally effective amount of a conjugated coagulation factor is
determined according to factors such as the specific condition
being treated, the condition of the patient being treated, as
well as the other ingredients in the composition.

In another embodiment, a conjugated coagulation factor as
described herein is useful in the treatment of subjects afflicted
with a coagulation or clotting disorder. In another embodi-
ment, the coagulation or clotting disorder is Hemophilia. In
another embodiment, a conjugated coagulation factor as
described herein is useful in the prophylactic therapy of
Hemophilia thus reducing the risk of bleeding and associated
complications. In another embodiment, a conjugated coagu-
lation factor as described herein is useful in the treatment of
subjects afflicted with Hemophilia while reducing the risk of
developing inhibitory antibodies to exogenously adminis-
tered coagulation factors. In another embodiment, a conju-
gated coagulation factor as described herein is useful in the
treatment of subjects aftlicted with Hemophilia thus inducing
homeostasis.

In one embodiment, a CTP-modified coagulation factor of
the present invention has therapeutic uses. In another embodi-
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ment, a CTP-modified coagulation factor of the present
invention has prophylactic uses.

In another embodiment, a conjugated coagulation factor as
described herein is useful in the treatment of subjects expe-
riencing excessive bleeding or bruising or having a prolonged
Prothrombin Time (PT) or Partial Thromboplastin Time
(PTT).In another embodiment, a conjugated coagulation fac-
tor as described herein is useful in the treatment of subjects
having an acquired condition that is causing bleeding, such as
vitamin K deficiency or liver disease. In another embodiment,
a conjugated coagulation factor as described herein is useful
in the treatment of subjects having deficiencies in coagulation
factors that are acquired (due to other diseases) or inherited,
mild or severe, permanent or temporary. In another embodi-
ment, a conjugated coagulation factor as described herein is
useful in the treatment of subjects afflicted with hemophilia
A. In another embodiment, a conjugated coagulation factor as
described herein is useful in the treatment of subjects afflicted
with hemophilia B. In another embodiment, a conjugated
coagulation factor as described herein is useful in the treat-
ment of subjects having acquired deficiencies due to chronic
diseases, such as liver disease or cancer; to an acute condition
such as disseminated intravascular coagulation (DIC), which
uses up clotting factors at a rapid rate; or to a deficiency in
vitamin K or treatment with a vitamin K antagonist like
warfarin (the production of factors I, VI, IX, and X require
vitamin K). In another embodiment, a conjugated coagulation
factor as described herein is useful in the treatment of subjects
afflicted with a disease in which causes clotting imbalances
such as but not limited to: a liver disease, uremia, a cancer, a
bone marrow disorder, an exposure to snake venom, a vitamin
K deficiency, an anticoagulation therapy, an accidental inges-
tion of the anticoagulant warfarin, multiple blood transfu-
sions (stored units of blood lose some of their clotting fac-
tors), or a combination thereof. In another embodiment, the
present invention provides a method of treating deep vein
thrombosis in a subject comprising administering a CTP-
modified coagulation factor of the present invention. In
another embodiment, the present invention provides a method
of preventing uncontrolled bleeding in a subject with hemo-
philia comprising administering a CTP-modified coagulation
factor of the present invention. In another embodiment, the
present invention provides a method of preventing bleeding
episodes in a subject with hemophilia comprising adminis-
tering a CTP-modified coagulation factor of the present
invention. In another embodiment, the present invention pro-
vides a method of controlling bleeding episodes in a subject
with hemophilia B (congenital factor IX deficiency).

In another embodiment, the compositions and methods of
the present invention are for the treatment of bleeding epi-
sodes inhemophilia A or B patients with inhibitors to FVIII or
FIX and in patients with acquired hemophilia; prevention of
bleeding in surgical interventions or invasive procedures in
hemophilia A or B patients with inhibitors to FVIII or FIX and
in patients with acquired hemophilia; treatment of bleeding
episodes in patients with congenital FVII deficiency and pre-
vention of bleeding in surgical interventions or invasive pro-
cedures in patients with congenital FVII deficiency. Acquired
hemophilia is a spontaneous autoimmune disorder in which
patients with previously normal hemostasis develop autoan-
tibodies against clotting factors, most frequently FVIIL. The
development of autoantibodies against FVIII leads to FVIII
deficiency, which results in insufficient generation of throm-
bin by factor IXa and the factor VIlla complex through the
intrinsic pathway of the coagulation cascade. The following
conditions may be associated with acquired hemophilia A:
idiopathic, pregnancy, autoimmune disorders, inflammatory
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bowel disease, ulcerative colitis, dermatologic disorders (eg,
psoriasis, pemphigus), respiratory diseases (eg, asthma,
chronic obstructive pulmonary disease), allergic drug reac-
tions, diabetes, acute hepatitis B infection, acute hepatitis C
infection, malignancies-solid tumors (prostate, lung, colon,
pancreas, stomach, bile duct, head and neck, cervix, breast,
melanoma, kidney), hematologic malignancies. It will be
appreciated by the skilled artisan that autoimmune disorders
may include rheumatoid arthritis, systemic lupus erythema-
tosus, multiple sclerosis, temporal arteritis, sjogren syn-
drome, autoimmune hemolytic anemia, goodpasture syn-
drome, myasthenia gravis, graves’ disease, autoimmune
hypothyroidism. It will be appreciated by the skilled artisan
that allergic reactions may occur from a subject being admin-
istered penicillin and its derivatives, sulfamides, phenyloin,
chloramphenicol, methyldopa, depot thioxanthene, inter-
feron alfa, fludarabine, bacille calmette-guerin (BCG) vacci-
nation, desvenlafaxine. It will be appreciated by the skilled
artisan that hematologic malignancies may include chronic
lymphocytic leukemia, non-Hodgkin lymphoma, multiple
myeloma, waldenstrom macroglobulinemia, myelodysplas-
tic syndrome, myelofibrosis, and erythroleukemia. Hence,
and in one embodiment, provided herein is a method for
treating acquired hemophilia in a subject, comprising admin-
istering to the subject any of the compositions provided
herein.

In another embodiment, the compositions and methods of
the present invention are for the treatment or prevention of
muscle bleeds. In another embodiment, the compositions and
methods of the present invention are for the treatment or
prevention of joint bleeds. In another embodiment, the com-
positions and methods of the present invention provide thera-
peutic or prophylactic treatment of epistaxis and gum bleed-
ing, mucous membrane bleeding, bleeding into the central
nervous system. In another embodiment, the compositions
and methods of the present invention provide therapeutic or
prophylactic treatment of gastrointestinal or cerebral bleed-
ing. In another embodiment, the compositions and methods
of the present invention provide therapeutic or prophylactic
treatment of low frequency mild bleeds. In another embodi-
ment, the compositions and methods of the present invention
provide therapeutic or prophylactic treatment of low fre-
quency moderate bleeds. In another embodiment, the com-
positions and methods of the present invention provide thera-
peutic or prophylactic treatment of high frequency mild
bleeds. In another embodiment, the compositions and meth-
ods of the present invention provide therapeutic or prophy-
lactic treatment of high frequency moderate bleeds.

In one embodiment, the compositions and methods of the
present invention provide therapeutic or prophylactic treat-
ment of asymptomatic hemophilia. In another embodiment,
the compositions and methods of the present invention pro-
vide therapeutic or prophylactic treatment of mild to moder-
ate hemophilia. In another embodiment, the compositions
and methods of the present invention provide therapeutic or
prophylactic treatment of severe hemophilia.

In one embodiment, the compositions and methods of the
present invention provide therapeutic or prophylactic treat-
ment of hemorrhage, which in one embodiment, is uncontrol-
lable hemorrhage, and, in another embodiment, intracerebral
hemorrhage. In another embodiment, the compositions and
methods of the present invention provide therapeutic or pro-
phylactic treatment of neonatal coagulopathies; severe
hepatic disease; high-risk surgical procedures; traumatic
blood loss; bone marrow transplantation; thrombocytopenias
and platelet function disorders; urgent reversal of oral anti-
coagulation; congenital deficiencies of factors V, VI, X, and
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XI; or von Willebrand disease, in one embodiment, von Will-
ebrand disease with inhibitors to von Willebrand factor.

In one embodiment, a CTP-modified coagulation factor of
the present invention is for the treatment of hemophilia or a
related disease as described herein in a subject. In one
embodiment, the subject is human. In another embodiment,
the subject is a human child. In another embodiment, the
subject is a domesticated animal. In another embodiment, the
subject is a mammal. In another embodiment, the subject is a
farm animal. In another embodiment, the subject is a monkey.
In another embodiment, the subject is a horse. In another
embodiment, the subjectis a cow. In another embodiment, the
subject is a mouse. In another embodiment, the subject is a
rat. In another embodiment, the subject is canine. In another
embodiment, the subject is feline. In another embodiment, the
subject is bovine, ovine, porcine, equine, murine, or cervine.
In one embodiment, the subject is male. In another embodi-
ment, the subject is female. In one embodiment, the subject is
a child, in another embodiment, an adolescent, in another
embodiment, an adult or, in another embodiment, an elderly
subject. In another embodiment, the subject is a pediatric
subject, in another embodiment, a geriatric subject.

In another embodiment, a [(CTP)n>1-coagulation factor]|
as described herein comprises a full length coagulation factor
or an active fragment thereof connected via a peptide bond on
its carboxy terminus to at least one CTP unit with no CTPs on
its amino terminus. In another embodiment, a [(CTP)n>1-
coagulation factor] as described herein comprises a coagula-
tion factor or an active fragment thereof connected via a
peptide bond to atleast one CTP unit which is connected to an
additional CTP unit via a peptide bond with no CTPs on its
amino terminus. In another embodiment, one nucleic acid
molecule encodes an engineered coagulation factor compris-
ing at least one CTP attached to its C-terminus and no CTPs
on its amino terminus.

In another embodiment, the CTP is attached to the coagu-
lation factor via a linker. In another embodiment, the linker
which connects the CTP sequence to the coagulation factor is
a covalent bond. In another embodiment, the linker which
connects the CTP sequence to the coagulation factor is a
peptide bond. In another embodiment, the linker which con-
nects the CTP sequence to the coagulation factor is a substi-
tuted peptide bond. In another embodiment, the CTP
sequence comprises: DPRFQDSSSSKAPPPSLPSPSR-
LPGPSDTPIL (SEQ ID NO: 1). In another embodiment, the
CTP sequence comprises: SSSSKAPPPSLPSPSRLPGPS-
DTPILPQ (SEQ ID NO: 2). In another embodiment, the CTP
sequence comprises an amino acid sequence selected from
the sequences set forth in SEQ ID NO: 1 and SEQ ID NO: 2.

In another embodiment, the carboxy terminal peptide
(CTP) peptide of the present invention comprises the amino
acid sequence from amino acid 112 to position 145 of human
chorionic gonadotrophin, as set forth in SEQ ID NO: 1. In
another embodiment, the CTP sequence of the present inven-
tion comprises the amino acid sequence from amino acid 118
to position 145 of human chorionic gonadotropin, as set forth
in SEQ ID NO: 2. In another embodiment, the CTP sequence
also commences from any position between positions 112-
118 and terminates at position 145 of human chorionic gona-
dotrophin. In some embodiments, the CTP sequence peptide
is 28, 29, 30, 31, 32, 33 or 34 amino acids long and com-
mences at position 112, 113, 114, 115,116, 117 or 118 of the
CTP amino acid sequence.

In another embodiment, the CTP peptide is a variant of
chorionic gonadotrophin CTP which differs from the native
CTP by 1-5 conservative amino acid substitutions as
described in U.S. Pat. No. 5,712,122, which is incorporated
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herein by reference. In another embodiment, the CTP peptide
is a variant of chorionic gonadotrophin CTP which differs
from the native CTP by 1 conservative amino acid substitu-
tion. In another embodiment, the CTP peptide is a variant of
chorionic gonadotrophin CTP which differs from the native
CTP by 2 conservative amino acid substitutions. In another
embodiment, the CTP peptide is a variant of chorionic gona-
dotrophin CTP which differs from the native CTP by 3 con-
servative amino acid substitutions. In another embodiment,
the CTP peptide is a variant of chorionic gonadotrophin CTP
which differs from the native CTP by 4 conservative amino
acid substitutions. In another embodiment, the CTP peptide is
avariant of chorionic gonadotrophin CTP which differs from
the native CTP by 5 conservative amino acid substitutions.

In another embodiment, the CTP peptide amino acid
sequence of the present invention is at least 70% homologous
to the native CTP amino acid sequence or a peptide thereof. In
another embodiment, the CTP peptide amino acid sequence
of the present invention is at least 80% homologous to the
native CTP amino acid sequence or a peptide thereof. In
another embodiment, the CTP peptide amino acid sequence
of the present invention is at least 90% homologous to the
native CTP amino acid sequence or a peptide thereof. In
another embodiment, the CTP peptide amino acid sequence
of the present invention is at least 95% homologous to the
native CTP amino acid sequence or a peptide thereof. In
another embodiment, the CTP peptide amino acid sequence
of the present invention is at least 98% homologous to the
native CTP amino acid sequence or a peptide thereof.

In another embodiment, the polynucleotide encoding the
CTP peptide of the present invention is at least 70% homolo-
gous to the native human CTP DNA sequence or a peptide
thereof. In another embodiment, the polynucleotide encoding
the CTP peptide of the present invention is at least 80%
homologous to the native human CTP DNA sequence or a
peptide thereof. In another embodiment, the polynucleotide
encoding the CTP peptide of the present invention is at least
90% homologous to the native CTP DNA sequence or a
peptide thereof. In another embodiment, the polynucleotide
encoding the CTP peptide of the present invention is at least
95% homologous to the native CTP DNA sequence or a
peptide thereof. In another embodiment, the polynucleotide
encoding the CTP peptide of the present invention is at least
98% homologous to the native CTP DNA sequence or a
peptide thereof.

In one embodiment, at least one of the chorionic gonadot-
rophin CTP amino acid sequences is truncated. In another
embodiment, both of the chorionic gonadotrophin CTP
amino acid sequences are truncated. In another embodiment,
2 of the chorionic gonadotrophin CTP amino acid sequences
are truncated. In another embodiment, 3 of the chorionic
gonadotrophin CTP amino acid sequences are truncated. In
another embodiment, 4 of the chorionic gonadotrophin CTP
amino acid sequences are truncated. In another embodiment,
of the chorionic gonadotrophin CTP amino acid sequences
are truncated. In another embodiment, 2 or more of the chori-
onic gonadotrophin CTP amino acid sequences are truncated.
In another embodiment, all of the chorionic gonadotrophin
CTP amino acid sequences are truncated. In one embodiment,
the truncated CTP comprises the first 10 amino acids of SEQ
ID NO: 3. In another embodiment, SEQ ID NO: 3 comprises
the following amino acid (AA) sequence: SSSSKAPPPSLP.

In one embodiment, the truncated CTP comprises the first
10 amino acids of SEQ ID NO: 4. In another embodiment,
SEQ ID NO: 4 comprises the following amino acid (AA)
sequence: SSSSKAPPPSLPSPSRLPGPSDTPILPQ.
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In one embodiment, the truncated CTP comprises the first
11 amino acids of SEQ ID NO: 4. In one embodiment, the
truncated CTP comprises the first 12 amino acids of SEQ ID
NO: 4. In one embodiment, the truncated CTP comprises the
first 8 amino acids of SEQ ID NO: 4 or SEQ ID NO: 3. In one
embodiment, the truncated CTP comprises the first 13 amino
acids of SEQ ID NO: 4. In one embodiment, the truncated
CTP comprises the first 14 amino acids of SEQ ID NO: 4. In
one embodiment, the truncated CTP comprises the first 6
amino acids of SEQ ID NO: 4 or SEQ ID NO: 3. In one
embodiment, the truncated CTP comprises the first 5 amino
acids of SEQ ID NO: 4 or SEQ ID NO: 3.

In one embodiment, at least one of the chorionic gonadot-
rophin CTP amino acid sequences is glycosylated. In another
embodiment, both of the chorionic gonadotrophin CTP
amino acid sequences are glycosylated. In another embodi-
ment, 2 of the chorionic gonadotrophin CTP amino acid
sequences are glycosylated. In another embodiment, 3 of the
chorionic gonadotrophin CTP amino acid sequences are gly-
cosylated. In another embodiment, 4 of the chorionic gona-
dotrophin CTP amino acid sequences are glycosylated. In
another embodiment, 5 of the chorionic gonadotrophin CTP
amino acid sequences are glycosylated. In another embodi-
ment, 2 or more of the chorionic gonadotrophin CTP amino
acid sequences are glycosylated. In another embodiment, all
of the chorionic gonadotrophin CTP amino acid sequences
are glycosylated.

In one embodiment, the CTP sequence of the present
invention comprises at least one glycosylation site. In one
embodiment, the CTP sequence of the present invention com-
prises 2 glycosylation sites. In one embodiment, the CTP
sequence of the present invention comprises 3 glycosylation
sites. In one embodiment, the CTP sequence of the present
invention comprises 4 glycosylation sites. In one embodi-
ment, one or more of the chorionic gonadotrophin CTP amino
acid sequences is fully glycosylated. In another embodiment,
one or more of the chorionic gonadotrophin CTP amino acid
sequences is partially glycosylated. In one embodiment, par-
tially glycosylated indicates that one of the CTP glycosyla-
tion sites is glycosylated. In another embodiment, two of the
CTP glycosylation sites are glycosylated. In another embodi-
ment, three of the CTP glycosylation sites are glycosylated.

In some embodiments, the CTP sequence modification is
advantageous in permitting the usage of lower dosages. In
some embodiments, the CTP sequences modification is
advantageous in permitting fewer dosages. In some embodi-
ments, the CTP sequences modification is advantageous in
permitting a safe, long-acting effect.

In some embodiments, “polypeptide”, “engineered coagu-
lation factor”, or “protein” as used herein encompasses native
polypeptides (either degradation products, synthetically syn-
thesized polypeptides or recombinant polypeptides) and pep-
tidomimetics (typically, synthetically synthesized polypep-
tides), as well as peptoids and semipeptoids which are
polypeptide analogs, which have, in some embodiments,
modifications rendering the polypeptides comprising a
coagulation factor even more stable while in a body or more
capable of penetrating into cells.

In some embodiments, modifications include, but are lim-
ited to C terminus modification, polypeptide bond modifica-
tion, including, but not limited to, CH2-NH, CH2-S, CH2-
S—0, O—C—NH, CH2-O, CH2-CH2, S—C—NH,
CH—CH or CF—CH, backbone modifications, and residue
modification. Methods for preparing peptidomimetic com-
pounds are well known in the art and are specified, for
example, in Quantitative Drug Design, C. A. Ramsden Gd.,
Chapter 17.2, F. Choplin Pergamon Press (1992), which is
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incorporated by reference as if fully set forth herein. Further
details in this respect are provided hereinunder.

In some embodiments, polypeptide bonds (—CO—NH—)
within the polypeptide are substituted. In some embodiments,
the polypeptide bonds are substituted by N-methylated bonds
(—N(CH3)-CO—). In some embodiments, the polypeptide
bonds are substituted by ester bonds (—C(R)H—C—0O—
O—C(R)—N—). In some embodiments, the polypeptide
bonds are substituted by ketomethylen bonds (—CO—
CH2-). In some embodiments, the polypeptide bonds are
substituted by ai-aza bonds ((—NH—N(R)—CO—), wherein
R is any alkyl, e.g., methyl, carba bonds (—CH2-NH—). In
some embodiments, the polypeptide bonds are substituted by
hydroxyethylene bonds (—CH(OH)—CH2-). In some
embodiments, the polypeptide bonds are substituted by thioa-
mide bonds (—CS—NH—). In some embodiments, the
polypeptide bonds are substituted by olefinic double bonds
(—CH—CH—). In some embodiments, the polypeptide
bonds are substituted by retro amide bonds (—NH—CO—).
In some embodiments, the polypeptide bonds are substituted
by polypeptide derivatives (—N(R)—CH2-CO—), wherein
R is the “normal” side chain, naturally presented on the car-
bon atom. In some embodiments, these modifications occur at
any of the bonds along the polypeptide chain and in one
embodiment at several (2-3 bonds) at the same time.

In some embodiments, natural aromatic amino acids of the
polypeptide such as Trp, Tyr and Phe, are substituted for
synthetic non-natural acid such as Phenylglycine, TIC, naph-
thylelanine (Nol), ring-methylated derivatives of Phe, halo-
genated derivatives of Phe or o-methyl-Tyr. In some embodi-
ments, the polypeptides of the present invention include one
or more modified amino acid or one or more non-amino acid
monomers (e.g. fatty acid, complex carbohydrates etc).

In one embodiment, “amino acid” or “amino acid
sequence” is understood to include the 20 naturally occurring
amino acid; those amino acid often modified post-translation-
ally in vivo, including, for example, hydroxyproline, phos-
phoserine and phosphothreonine; and other unusual amino
acid including, but not limited to, 2-aminoadipic acid,
hydroxylysine, isodesmosine, nor-valine, nor-leucine and
ornithine. In one embodiment, “amino acid” includes both D-
and L-amino acids.

In some embodiments, the polypeptides of the present
invention are utilized in therapeutics which requires the
polypeptides comprising a coagulation factor to be in a
soluble form. In some embodiments, the polypeptides of the
present invention include one or more non-natural or natural
polar amino acid, including but not limited to serine and
threonine which are capable of increasing polypeptide solu-
bility due to their hydroxyl-containing side chain.

In some embodiments, the engineered coagulation factor
of the present invention is utilized in a linear form, although
it will be appreciated by one skilled in the art that in cases
where cyclicization does not severely interfere with engi-
neered coagulation factors characteristics, cyclic forms of the
engineered coagulation factors can also be utilized.

In some embodiments, the engineered coagulation factors
of the present invention are biochemically synthesized such
as by using standard solid phase techniques. In some embodi-
ments, these biochemical methods include exclusive solid
phase synthesis, partial solid phase synthesis, fragment con-
densation, or classical solution synthesis.

In some embodiments, recombinant protein techniques are
used to generate the engineered coagulation factors of the
present invention. In some embodiments, recombinant pro-
tein techniques are used for the generation of relatively long
polypeptides (e.g., longer than 18-25 amino acids). In some
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embodiments, recombinant protein techniques are used for
the generation of large amounts of the engineered coagulation
factors of the present invention. In some embodiments,
recombinant techniques are described by Bitter et al., (1987)
Methods in Enzymol. 153:516-544, Studier et al. (1990)
Methods in Enzymol. 185:60-89, Brisson et al. (1984) Nature
310:511-514, Takamatsu et al. (1987) EMBO J. 6:307-311,
Coruzzi et al. (1984) EMBO J.3:1671-1680 and Brogliet al.,
(1984) Science 224:838-843, Gurley et al. (1986) Mol. Cell.
Biol. 6:559-565 and Weissbach & Weissbach, 1988, Methods
for Plant Molecular Biology, Academic Press, NY, Section
VIII, pp 421-463, which are incorporated herein by reference
in their entirety.

In another embodiment, the invention provides a poly-
nucleotide molecule comprising the coding portion of a gene
encoding a polypeptide comprising a coagulation factor and
gonadotrophin carboxy terminal peptides attached to the car-
boxy terminus of the coagulation factor, as described herein-
above. In another embodiment, the invention provides a poly-
nucleotide molecule consisting of the coding portion of a
gene encoding a polypeptide comprising a coagulation factor
and gonadotrophin carboxy terminal peptides attached to the
carboxy terminus of the coagulation factor, as described here-
inabove. In another embodiment, the invention provides a
polynucleotide molecule consisting essentially of the coding
portion of a gene encoding a polypeptide comprising a coagu-
lation factor and gonadotrophin carboxy terminal peptides
attached to the carboxy terminus of the coagulation factor, as
described hereinabove.

In another embodiment, the invention provides a poly-
nucleotide encoding a polypeptide comprising a coagulation
factor and three gonadotrophin carboxy terminal peptides
attached to the carboxy terminus of the coagulation factor, as
described hereinabove. In another embodiment, the invention
provides a polynucleotide encoding a polypeptide consisting
of'a coagulation factor and three gonadotrophin carboxy ter-
minal peptides attached to the carboxy terminus of the coagu-
lation factor, as described hereinabove. In another embodi-
ment, the invention provides a polynucleotide encoding a
polypeptide consisting essentially of a coagulation factor and
three gonadotrophin carboxy terminal peptides attached to
the carboxy terminus of the coagulation factor, as described
hereinabove. In one embodiment, the polynucleotide is a
polynucleotide sequence. In one embodiment, the polynucle-
otide is a polynucleotide molecule.

In another embodiment, the invention provides an expres-
sion vector comprising a polynucleotide molecule as
described herein. In another embodiment, the present inven-
tion provides an expression vector comprising a polynucle-
otide encoding a CTP-modified polypeptide consisting of a
Factor IX (FIX) polypeptide and three gonadotropin carboxy
terminal peptides (CTPs) attached to the carboxy terminus of
said FIX polypeptide. In another embodiment, the present
invention provides an expression vector comprising a poly-
nucleotide encoding a CTP-modified polypeptide consisting
of'a Factor VIla (FVIIa) polypeptide and three to five gona-
dotropin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of said FVIIa polypeptide.

In another embodiment, the invention provides a cell com-
prising the expression vector as described herein. In another
embodiment, the present invention provides a cell comprising
an expression vector comprising a polynucleotide encoding a
CTP-modified polypeptide consisting of a Factor IX (FIX)
polypeptide and three gonadotropin carboxy terminal pep-
tides (CTPs) attached to the carboxy terminus of said FIX
polypeptide. In another embodiment, the present invention
provides a cell comprising an expression vector comprising a
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polynucleotide encoding a CTP-modified polypeptide con-
sisting of a Factor VIla (FVIla) polypeptide and three gona-
dotropin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of said FVIIa polypeptide.

In another embodiment, the invention provides a compo-
sition comprising the expression vector as described herein.
In another embodiment, the present invention provides a
composition comprising an expression vector comprising a
polynucleotide encoding a CTP-modified polypeptide con-
sisting of a Factor IX (FIX) polypeptide and three gonadot-
ropin carboxy terminal peptides (CTPs) attached to the car-
boxy terminus of said FIX polypeptide. In another
embodiment, the present invention provides a composition
comprising an expression vector comprising a polynucleotide
encoding a CTP-modified polypeptide consisting of a Factor
Vlla (FVIla) polypeptide and three gonadotropin carboxy
terminal peptides (CTPs) attached to the carboxy terminus of
said FVIla polypeptide.

In another embodiment, the invention provides a compo-
sition comprising the cell as described herein. In another
embodiment, the cell is a eukaryotic cell. In another embodi-
ment, the cell is a prokaryotic cell.

In another embodiment, the present invention provides a
method of producing a CTP-modified coagulation factor,
comprising the step of attaching one to ten chorionic gona-
dotrophin carboxy terminal peptides (CTPs) to the carboxy
terminus of said coagulation factor, thereby producing a CTP-
modified coagulation factor. In another embodiment, the
present invention provides a method of producing a CTP-
modified coagulation factor, comprising the step of attaching
one to ten polynucleotide sequences encoding a chorionic
gonadotrophin carboxy terminal peptide (CTP) to the car-
boxy terminus of a polynucleotide sequence encoding said
coagulation factor, thereby producing a CTP-modified
coagulation factor. In another embodiment, the present inven-
tion provides a method of producing a CTP-modified Factor
IX (FIX) polypeptide, comprising the step of attaching three
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FIX polypeptide, thereby
producing a CTP-modified FIX polypeptide. In another
embodiment, the present invention provides a method of pro-
ducing a CTP-modified Factor VIla (FVIla) polypeptide,
comprising the step of attaching three chorionic gonadotro-
phin carboxy terminal peptides (CTPs) to the carboxy termi-
nus of said FVIla polypeptide, thereby producing a CTP-
modified FVIla polypeptide.

In another embodiment, the engineered coagulation factors
of the present invention are synthesized using a polynucle-
otide molecule encoding a polypeptide of the present inven-
tion. In some embodiments, the polynucleotide molecule
encoding the engineered coagulation factors of the present
invention is ligated into an expression vector, comprising a
transcriptional control of a cis-regulatory sequence (e.g., pro-
moter sequence). In some embodiments, the cis-regulatory
sequence is suitable for directing constitutive expression of
an engineered coagulation factor of the present invention. In
some embodiments, the cis-regulatory sequence is suitable
for directing tissue-specific expression of the engineered
coagulation factors of the present invention. In some embodi-
ments, the cis-regulatory sequence is suitable for directing
inducible expression of the engineered coagulation factors of
the present invention.

In some embodiment, tissue-specific promoters suitable
for use with the present invention include sequences which
are functional in one or more specific cell populations.
Examples include, but are not limited to, promoters such as
albumin that is liver-specific [Pinkert et al., (1987) Genes
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Dev. 1:268-277], lymphoid-specific promoters [Calame et
al., (1988) Adv. Immunol. 43:235-275]; in particular promot-
ers of T-cell receptors [Winoto et al., (1989) EMBO J. 8:729-
733] and immunoglobulins; [Banerji etal. (1983) Cell 33729-
740], neuron-specific promoters such as the neurofilament
promoter [Byrne et al. (1989) Proc. Natl. Acad. Sci. USA
86:5473-5477], pancreas-specific promoters [Edlunch et al.
(1985) Science 230:912-916] or mammary gland-specific
promoters such as the milk whey promoter (U.S. Pat. No.
4,873,316 and European Application Publication No. 264,
166). Inducible promoters suitable for use with the present
invention include, for example, the tetracycline-inducible
promoter (Srour, M. A., et al., 2003. Thromb. Haemost. 90:
398-405).

In one embodiment, the phrase “a polynucleotide mol-
ecule” refers to a single or double stranded nucleic acid
sequence which is isolated and provided in the form of an
RNA sequence, a complementary polynucleotide sequence
(cDNA), a genomic polynucleotide sequence and/or a com-
posite polynucleotide sequences (e.g., a combination of the
above).

In one embodiment, a “complementary polynucleotide
sequence” refers to a sequence, which results from reverse
transcription of messenger RNA using a reverse transcriptase
or any other RNA-dependent DNA polymerase. In one
embodiment, the sequence can be subsequently amplified in
vivo or in vitro using a DNA polymerase.

In one embodiment, a “genomic polynucleotide sequence”
refers to a sequence derived (isolated) from a chromosome
and thus it represents a contiguous portion of a chromosome.

In one embodiment, a “composite polynucleotide
sequence” refers to a sequence, which is at least partially
complementary and at least partially genomic. In one
embodiment, a composite sequence can include some exonal
sequences required to encode the polypeptide of the present
invention, as well as some intronic sequences interposing
therebetween. In one embodiment, the intronic sequences can
be of any source, including of other genes, and typically will
include conserved splicing signal sequences. In one embodi-
ment, intronic sequences include cis-acting expression regu-
latory elements.

In one embodiment, following expression and secretion,
the signal peptides are cleaved from the precursor engineered
coagulation factors resulting in the mature engineered coagu-
lation factors.

In some embodiments, polynucleotides of the present
invention are prepared using PCR techniques, or any other
method or procedure known to one skilled in the art. In some
embodiments, the procedure involves the ligation of two dif-
ferent DNA sequences (See, for example, “Current Protocols
in Molecular Biology”, eds. Ausubel et al., John Wiley &
Sons, 1992).

In one embodiment, polynucleotides of the present inven-
tion which encode the engineered coagulation factors are
inserted into expression vectors (i.e., a nucleic acid construct)
to enable expression of the recombinant polypeptide. In one
embodiment, the expression vector of the present invention
includes additional sequences which render this vector suit-
able for replication and integration in prokaryotes. In one
embodiment, the expression vector of the present invention
includes additional sequences which render this vector suit-
able for replication and integration in eukaryotes. In one
embodiment, the expression vector of the present invention
includes a shuttle vector which renders this vector suitable for
replication and integration in both prokaryotes and eukary-
otes. In some embodiments, cloning vectors comprise tran-
scription and translation initiation sequences (e.g., promot-
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ers, enhances) and transcription and translation terminators
(e.g., polyadenylation signals).

In one embodiment, a variety of prokaryotic or eukaryotic
cells can be used as host-expression systems to express the
coagulation factors of the present invention. In some embodi-
ments, these include, but are not limited to, microorganisms,
such as bacteria transformed with a recombinant bacterioph-
age DNA, plasmid DNA or cosmid DNA expression vector
containing the polypeptide coding sequence; yeast trans-
formed with recombinant yeast expression vectors containing
the polypeptide coding sequence; plant cell systems infected
with recombinant virus expression vectors (e.g., cauliflower
mosaic virus, CaMV; tobacco mosaic virus, TMV) or trans-
formed with recombinant plasmid expression vectors, such as
Ti plasmid, containing the polypeptide coding sequence.

In some embodiments, non-bacterial expression systems
are used (e.g. mammalian expression systems such as CHO
cells) to express the coagulation factors of the present inven-
tion. In one embodiment, the expression vector used to
express polynucleotides of the present invention in mamma-
lian cells is pCI-DHFR vector comprising a CMV promoter
and a neomycin resistance gene. Construction of the pCI-dhfr
vector is described, according to one embodiment, in
Example 1.

In some embodiments, in bacterial systems of the present
invention, a number of expression vectors can be advanta-
geously selected depending upon the use intended for the
polypeptide expressed. In one embodiment, large quantities
of polypeptide are desired. In one embodiment, vectors that
direct the expression of high levels of the protein product,
possibly as a fusion with a hydrophobic signal sequence,
which directs the expressed product into the periplasm of the
bacteria or the culture medium where the protein product is
readily purified are desired. In one embodiment, certain
fusion proteins are engineered with a specific cleavage site to
aid in recovery of the polypeptide. In one embodiment, vec-
tors adaptable to such manipulation include, but are not lim-
ited to, the pET series of E. coli expression vectors [Studier et
al., Methods in Enzymol. 185:60-89 (1990)].

In one embodiment, yeast expression systems are used. In
one embodiment, a number of vectors containing constitutive
or inducible promoters can be used in yeast as disclosed in
U.S. Pat. No. 5,932,447, which is incorporated by reference
herein in its entirety. In another embodiment, vectors which
promote integration of foreign DNA sequences into the yeast
chromosome are used.

In one embodiment, the expression vector of the present
invention can further include additional polynucleotide
sequences that allow, for example, the translation of several
proteins from a single mRNA such as an internal ribosome
entry site (IRES) and sequences for genomic integration of
the promoter-chimeric polypeptide.

In some embodiments, mammalian expression vectors
include, but are not limited to, pcDNA3, pcDNA3.1(+/-),
pGL3, pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto,
pCMV/myc/cyto, pCR3.1, pSinRepS, DH26S, DHBB,
pNMT1, pNMT41, pPNMT81, which are available from Invit-
rogen, pCI which is available from Promega, pMbac, pPbac,
pBK-RSV and pBK-CMV which are available from Strate-
gene, pIRES which is available from Clontech, and their
derivatives.

In some embodiments, expression vectors containing regu-
latory elements from eukaryotic viruses such as retroviruses
are used in the present invention. SV40 vectors include
pSVT7 and pMT2. In some embodiments, vectors derived
from bovine papilloma virus include pBV-1MTHA, and vec-
tors derived from Epstein Bar virus include pHEBO, and
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p205. Other exemplary vectors include pMSG, pAV009/A+,
pMTO10/A+, pMAMneo-5, baculovirus pDSVE, and any
other vector allowing expression of proteins under the direc-
tion of the SV-40 early promoter, SV-40 later promoter, met-
allothionein promoter, murine mammary tumor virus pro-
moter, Rous sarcoma virus promoter, polyhedrin promoter, or
other promoters shown effective for expression in eukaryotic
cells.

In some embodiments, recombinant viral vectors are useful
for in vivo expression of the coagulation factors of the present
invention since they offer advantages such as lateral infection
and targeting specificity. In one embodiment, lateral infection
is inherent in the life cycle of, for example, a retrovirus and is
the process by which a single infected cell produces many
progeny virions that bud off and infect neighboring cells. In
one embodiment, the result is that a large area becomes rap-
idly infected, most of which was not initially infected by the
original viral particles. In one embodiment, viral vectors are
produced that are unable to spread laterally. In one embodi-
ment, this characteristic can be useful if the desired purpose is
to introduce a specified gene into only a localized number of
targeted cells.

In one embodiment, various methods can be used to intro-
duce the expression vector of the present invention into cells.
Such methods are generally described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Springs Har-
bor Laboratory, New York (1989, 1992), in Ausubel et al.,
Current Protocols in Molecular Biology, John Wiley and
Sons, Baltimore, Md. (1989), Chang et al., Somatic Gene
Therapy, CRC Press, Ann Arbor, Mich. (1995), Vega et al.,
Gene Targeting, CRC Press, Ann Arbor Mich. (1995), Vec-
tors: A Survey of Molecular Cloning Vectors and Their Uses,
Butterworths, Boston Mass. (1988) and Gilboa et at. [Bio-
techniques 4 (6): 504-512, 1986] and include, for example,
stable or transient transfection, lipofection, electroporation
and infection with recombinant viral vectors. In addition, see
U.S. Pat. Nos. 5,464,764 and 5,487,992, incorporated herein
by reference, for positive-negative selection methods.

In some embodiments, introduction of nucleic acid by viral
infection offers several advantages over other methods such
as lipofection and electroporation, since higher transfection
efficiency can be obtained due to the infectious nature of
viruses.

In one embodiment, it will be appreciated that the engi-
neered coagulation factors of the present invention can also be
expressed from a nucleic acid construct administered to the
individual employing any suitable mode of administration,
described hereinabove (i.e., in vivo gene therapy). In one
embodiment, the nucleic acid construct is introduced into a
suitable cell via an appropriate gene delivery vehicle/method
(transfection, transduction, homologous recombination, etc.)
and an expression system as needed and then the modified
cells are expanded in culture and returned to the individual
(i.e., ex vivo gene therapy).

In one embodiment, plant expression vectors are used. In
one embodiment, the expression of a polypeptide coding
sequence is driven by a number of promoters. In some
embodiments, viral promoters such as the 35S RNA and 19S
RNA promoters of CaMV [Brisson et al., Nature 310:511-
514 (1984)], or the coat protein promoterto TMV [ Takamatsu
et al,, EMBO J. 6:307-311 (1987)] are used. In another
embodiment, plant promoters are used such as, for example,
the small subunit of RUBISCO [Coruzzi et al., EMBO 1.
3:1671-1680 (1984); and Brogli et al., Science 224:838-843
(1984)] or heat shock promoters, e.g., soybean hsp17.5-E or
hsp17.3-B [Gurley et al., Mol. Cell. Biol. 6:559-565 (1986)].
In one embodiment, constructs are introduced into plant cells
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using Ti plasmid, Ri plasmid, plant viral vectors, direct DNA
transformation, microinjection, electroporation and other
techniques well known to the skilled artisan. See, for
example, Weissbach & Weissbach [Methods for Plant
Molecular Biology, Academic Press, NY, Section VIII, pp
421-463 (1988)]. Other expression systems such as insects
and mammalian host cell systems, which are well known in
the art, can also be used by the present invention.

It will be appreciated that other than containing the neces-
sary elements for the transcription and translation of the
inserted coding sequence (encoding the polypeptide), the
expression construct of the present invention can also include
sequences engineered to optimize stability, production, puri-
fication, yield or activity of the expressed polypeptide.

In some embodiments, transformed cells are cultured
under effective conditions, which allow for the expression of
high amounts of recombinant engineered coagulation factors.
In some embodiments, effective culture conditions include,
but are not limited to, effective media, bioreactor, tempera-
ture, pH and oxygen conditions that permit protein produc-
tion. In one embodiment, an effective medium refers to any
medium in which a cell is cultured to produce the recombi-
nant polypeptide of the present invention. In some embodi-
ments, a medium typically includes an aqueous solution hav-
ing assimilable carbon, nitrogen and phosphate sources, and
appropriate salts, minerals, metals and other nutrients, such as
vitamins. In some embodiments, cells of the present invention
can be cultured in conventional fermentation bioreactors,
shake flasks, test tubes, microtiter dishes and petri plates. In
some embodiments, culturing is carried out at a temperature,
pH and oxygen content appropriate for a recombinant cell. In
some embodiments, the determination of culturing condi-
tions are within the expertise of one of ordinary skill in the art.

In some embodiments, depending on the vector and host
system used for production, resultant engineered coagulation
factors of the present invention either remain within the
recombinant cell, are secreted into the fermentation medium,
are secreted into a space between two cellular membranes,
such as the periplasmic space in E. coli; or are retained on the
outer surface of a cell or viral membrane.

In one embodiment, following a predetermined time in
culture, recovery of the recombinant engineered coagulation
factor is effected.

In one embodiment, the phrase “recovering the recombi-
nant engineered coagulation factor” used herein refers to
collecting the whole fermentation medium containing the
polypeptide and need not imply additional steps of separation
or purification.

In one embodiment, engineered coagulation factors of the
present invention are purified using a variety of standard
protein purification techniques, such as, but not limited to,
affinity chromatography, ion exchange chromatography, fil-
tration, electrophoresis, hydrophobic interaction chromatog-
raphy, gel filtration chromatography, reverse phase chroma-
tography, concanavalin A chromatography,
chromatofocusing and differential solubilization.

In one embodiment, to facilitate recovery, the expressed
coding sequence can be engineered to encode the engineered
coagulation factor of the present invention and fused cleav-
able moiety. In one embodiment, a fusion protein can be
designed so that the polypeptide can be readily isolated by
affinity chromatography; e.g., by immobilization on a column
specific for the cleavable moiety. In one embodiment, a cleav-
age site is engineered between the engineered coagulation
factor and the cleavable moiety and the polypeptide can be
released from the chromatographic column by treatment with
an appropriate enzyme or agent that specifically cleaves the
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fusion protein at this site [e.g., see Booth et al., Immunol.
Lett. 19:65-70 (1988); and Gardella et al., J. Biol. Chem.
265:15854-15859 (1990)].

In one embodiment, the engineered coagulation factor of
the present invention is retrieved in “substantially pure” form.

In one embodiment, the phrase “substantially pure” refers
to a purity that allows for the effective use of the protein in the
applications described herein.

In one embodiment, the engineered coagulation factor of
the present invention can also be synthesized using in vitro
expression systems. In one embodiment, in vitro synthesis
methods are well known in the art and the components of the
system are commercially available.

In some embodiments, the recombinant engineered coagu-
lation factors are synthesized and purified; their therapeutic
efficacy can be assayed either in vivo or in vitro. In one
embodiment, the binding activities of the recombinant engi-
neered coagulation factors of the present invention can be
ascertained using various assays as known to one of skill in
the art.

In another embodiment, the engineered coagulation factor
of'the present invention can be provided to the individual per
se. In one embodiment, the engineered coagulation factor of
the present invention can be provided to the individual as part
of a pharmaceutical composition where it is mixed with a
pharmaceutically acceptable carrier.

In another embodiment, a “pharmaceutical composition”
refers to a preparation of one or more of the active ingredients
described herein with other chemical components such as
physiologically suitable carriers and excipients. The purpose
of a pharmaceutical composition is to facilitate administra-
tion of a compound to an organism.

In another embodiment, “active ingredient” refers to the
polypeptide sequence of interest, which is accountable for the
biological effect.

In another embodiment, any of the compositions of the
present invention will comprise at least one CTP sequence
bound only to the carboxy terminus of an engineered coagu-
lation factor of interest, in any form. In one embodiment, the
present invention provides combined preparations. In one
embodiment, “a combined preparation” defines especially a
“kit of parts” in the sense that the combination partners as
defined above can be dosed independently or by use of dif-
ferent fixed combinations with distinguished amounts of the
combination partners i.e., simultaneously, concurrently,
separately or sequentially. In some embodiments, the parts of
the kit of parts can then, e.g., be administered simultaneously
or chronologically staggered, that is at different time points
and with equal or different time intervals for any part of the kit
of parts. The ratio of the total amounts of the combination
partners, in some embodiments, can be administered in the
combined preparation. In one embodiment, the combined
preparation can be varied, e.g., in order to cope with the needs
of a patient subpopulation to be treated or the needs of the
single patient which different needs can be due to a particular
disease, severity of a disease, age, sex, or body weight as can
be readily made by a person skilled in the art.

In another embodiment, the phrases “physiologically
acceptable carrier” and “pharmaceutically acceptable car-
rier” which are interchangeably used refer to a carrier or a
diluent that does not cause significant irritation to an organ-
ism and does not abrogate the biological activity and proper-
ties of the administered compound. An adjuvant is included
under these phrases. In one embodiment, one of the ingredi-
ents included in the pharmaceutically acceptable carrier can
be for example polyethylene glycol (PEG), a biocompatible
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polymer with a wide range of solubility in both organic and
aqueous media (Mutter et al. (1979)).

In another embodiment, “excipient” refers to an inert sub-
stance added to a pharmaceutical composition to further
facilitate administration of an active ingredient. In one
embodiment, excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch, cellulose
derivatives, gelatin, vegetable oils and polyethylene glycols.

Techniques for formulation and administration of drugs are
found in “Remington’s Pharmaceutical Sciences,” Mack
Publishing Co., Easton, Pa., latest edition, which is incorpo-
rated herein by reference.

Various embodiments of dosage ranges are contemplated
by this invention. The dosage of the engineered coagulation
factor of the present invention, in one embodiment, is in the
range of 0.005-100 mg/day. In another embodiment, the dos-
age is in the range 0f 0.005-5 mg/day. In another embodiment,
the dosage is in the range of 0.01-50 mg/day. In another
embodiment, the dosage is in the range of 0.1-20 mg/day. In
another embodiment, the dosage is in the range of 0.1-10
mg/day. In another embodiment, the dosage is in the range of
0.01-5 mg/day. In another embodiment, the dosage is in the
range of 0.001-0.01 mg/day. In another embodiment, the
dosage is in the range of 0.001-0.1 mg/day. In another
embodiment, the dosage is in the range of 0.1-5 mg/day. In
another embodiment, the dosage is in the range of 0.5-50
mg/day. In another embodiment, the dosage is in the range of
0.2-15 mg/day. In another embodiment, the dosage is in the
range 0f0.8-65 mg/day. In another embodiment, the dosage is
in the range of 1-50 mg/day. In another embodiment, the
dosage is in the range of 5-10 mg/day. In another embodi-
ment, the dosage is in the range of 8-15 mg/day. In another
embodiment, the dosage is in a range of 10-20 mg/day. In
another embodiment, the dosage is in the range of 20-40
mg/day. In another embodiment, the dosage is in a range of
60-120 mg/day. In another embodiment, the dosage is in the
range of 12-40 mg/day. In another embodiment, the dosage is
in the range of 40-60 mg/day. In another embodiment, the
dosage is in a range of 50-100 mg/day. In another embodi-
ment, the dosage is in a range of 1-60 mg/day. In another
embodiment, the dosage is in the range of 15-25 mg/day. In
another embodiment, the dosage is in the range of 5-10
mg/day. In another embodiment, the dosage is in the range of
55-65 mg/day.

In another embodiment, the dosage is in a range of 50-500
mg/day. In another embodiment, the dosage is in a range of
50-150 mg/day. In another embodiment, the dosage is in a
range of 100-200 mg/day. In another embodiment, the dosage
is in a range of 150-250 mg/day. In another embodiment, the
dosage is in a range of 200-300 mg/day. In another embodi-
ment, the dosage is in a range of 250-400 mg/day. In another
embodiment, the dosage is in a range of 300-500 mg/day. In
another embodiment, the dosage is in a range of 350-500
mg/day.

In one embodiment, the dosage is 20 mg/day. In one
embodiment, the dosage is 30 mg/day. In one embodiment,
the dosage is 40 mg/day. In one embodiment, the dosage is 50
mg/day. In one embodiment, the dosage is 0.01 mg/day. In
another embodiment, the dosage is 0.1 mg/day. In another
embodiment, the dosage is 1 mg/day. In another embodiment,
the dosage is 0.530 mg/day. In another embodiment, the dos-
age is 0.05 mg/day. In another embodiment, the dosage is 50
mg/day. In another embodiment, the dosage is 10 mg/day. In
another embodiment, the dosage is 20-70 mg/day. In another
embodiment, the dosage is 5 mg/day.

In one embodiment, the dosage of the CTP-modified
coagulation factor is 1-5 mg/day. In one embodiment, the
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dosage ofthe CTP-modified coagulation factor is 1-3 mg/day.
In another embodiment, the dosage of the CTP-modified
coagulation factor is 2 mg/day.
In another embodiment, the dosage is 1-90 mg/day. In

another embodiment, the dosage is 1-90 mg/2 days. In
another embodiment, the dosage is 1-90 mg/3 days. In
another embodiment, the dosage is 1-90 mg/4 days. In
another embodiment, the dosage is 1-90 mg/5 days. In
another embodiment, the dosage is 1-90 mg/6 days. In

another embodiment, the dosage is 1-90 mg/week. In another
embodiment, the dosage is 1-90 mg/9 days. In another
embodiment, the dosage is 1-90 mg/11 days. In another
embodiment, the dosage is 1-90 mg/14 days.

In another embodiment, the coagulation factor dosage is
10-50 mg/day. In another embodiment, the dosage is 10-50
mg/2 days. In another embodiment, the dosage is 10-50 mg/3
days. In another embodiment, the dosage is 10-50 mg/4 days.
In another embodiment, the dosage is 10-50 micrograms
mg/5 days. In another embodiment, the dosage is 10-50 mg/6
days. In another embodiment, the dosage is 10-50 mg/week.
In another embodiment, the dosage is 10-50 mg/9 days. In
another embodiment, the dosage is 10-50 mg/11 days. In
another embodiment, the dosage is 10-50 mg/14 days.

In another embodiment, a polypeptide comprising a coagu-
lation factor and at least one CTP unit is formulated in an
intranasal dosage form. In another embodiment, a polypep-
tide comprising a coagulation factor and at least one CTP unit
is formulated in an injectable dosage form. In another
embodiment, a polypeptide comprising a coagulation factor
and at least one CTP unit is administered to a subject ina dose
ranging from 0.0001 mg to 0.6 mg. In another embodiment, a
polypeptide comprising a coagulation factor and at least one
CTP unit is administered to a subject in a dose ranging from
0.001 mg to 0.005 mg. In another embodiment, a polypeptide
comprising a coagulation factor and at least one CTP unit is
administered to a subject in a dose ranging from 0.005 mg to
0.01 mg. In another embodiment, a polypeptide comprising a
coagulation factor and at least one CTP unitis administered to
a subject in a dose ranging from 0.01 mgto 0.3 mg. In another
embodiment, a polypeptide comprising a coagulation factor
and at least one CTP unit is administered to a subject ina dose
in a dose ranging from 0.2 mg to 0.6 mg. In another embodi-
ment, the coagulation factor is free of CTPs on its amino
terminus.

In another embodiment, a polypeptide comprising a coagu-
lation factor and at least one CTP unit is administered to a
subject in a dose ranging from 1-100 micrograms. In another
embodiment, a polypeptide comprising a coagulation factor
and at least one CTP unit is administered to a subject ina dose
ranging from 10-80 micrograms. In another embodiment, a
polypeptide comprising a coagulation factor and at least one
CTP unit is administered to a subject in a dose ranging from
20-60 micrograms. In another embodiment, a polypeptide
comprising a coagulation factor and at least one CTP unit is
administered to a subject in a dose ranging from 10-50 micro-
grams. In another embodiment, a polypeptide comprising a
coagulation factor and at least one CTP unitis administered to
a subject in a dose ranging from 40-80 micrograms. In
another embodiment, a polypeptide comprising a coagulation
factor and at least one CTP unit is administered to a subject in
a dose ranging from 10-30 micrograms. In another embodi-
ment, a polypeptide comprising a coagulation factor and at
least one CTP unit is administered to a subject in a dose
ranging from 30-60 micrograms.

In another embodiment, a polypeptide comprising a coagu-
lation factor and at least one CTP unit is administered to a
subject in a dose ranging from 0.2 mg to 2 mg. In another
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embodiment, a polypeptide comprising a coagulation factor
and at least one CTP unit is administered to a subject in a dose
ranging from 2 mg to 6 mg. In another embodiment, a
polypeptide comprising a coagulation factor and at least one
CTP unit is administered to a subject in a dose ranging from
4 mg to 10 mg. In another embodiment, a polypeptide com-
prising a coagulation factor and at least one CTP unit is
administered to a subject in a dose ranging from 5 mg and 15
mg.

In one embodiment, the dosage of the CTP-modified FIX
comprises 50% of the amount of FIX administered in the
recommended dosage of recombinant FIX (e.g., Benefix®,
Wyeth or Mononine®, CSL Behring) to patients over the
same period of time. In one embodiment, the dosage of the
CTP-modified FVIIa comprises 50% of the amount of FVIla
administered in the recommended dosage of recombinant
FVIla (e.g., NovoSeven®) to patients over the same period of
time. In one embodiment, the dosage of the CTP-modified
FVII comprises 50% of the amount of FVII administered in
the recommended dosage of recombinant FVII to patients
over the same period of time. For example, if NovoSeven® is
given at a dose of 90 mcg/kg every two hours to a patient pre-
or post-operatively (i.e., 7.65 mg every two hours or 45.9 mg
in six doses over a 12 hour period, for an 85 kg patient), a
CTP-modified coagulation factor of the present invention
may be given at a dose that is 50% of the patient’s 12-hour
dose of recombinant FV1la (i.e., ata dose 0of 23 mg given once
over a 12-hour period).

In another embodiment, the dosage of CTP-modified
coagulation factor is such that it contains 45% of the amount
of the coagulation factor than that administered using the
non-CTP-modified coagulation factor. In another embodi-
ment, the dosage of CTP-modified coagulation factor is such
that it contains 10% of the amount of the coagulation factor
than that administered using the non-CTP-modified coagula-
tion factor. In another embodiment, the dosage of CTP-modi-
fied coagulation factor is such that it contains 25% of the
amount of the coagulation factor than that administered using
the non-CTP-modified coagulation factor. In another
embodiment, the dosage of CTP-modified coagulation factor
is such that it contains 35% of the amount of the coagulation
factor than that administered using the non-CTP-modified
coagulation factor. In another embodiment, the dosage of
CTP-modified coagulation factor is such that it contains 75%
of'the amount of the coagulation factor than that administered
using the non-CTP-modified coagulation factor. In another
embodiment, the dosage of CTP-modified coagulation factor
is such that it contains 100% of the amount of the coagulation
factor than that administered using the non-CTP-modified
coagulation factor. However, even if the dosage contains the
same amount of coagulation factor (e.g. FIX) as non-CTP-
modified coagulation factor, it is still advantageous to sub-
jects in that it will be administered less frequently because of
its increased half-life compared to recombinant coagulation
factors.

In another embodiment, a therapeutically effective amount
of a conjugated coagulation factor is between 50-500 IU per
kg body weight administered once a day to once a week for
FIX or 10 pg/Kg-500 pg/Kg for FVIla. In another embodi-
ment, a therapeutically effective amount of a conjugated
coagulation factor is 150-250 IU per kg body weight, admin-
istered once a day. In another embodiment, a pharmaceutical
composition comprising a conjugated coagulation factor is
formulated at a strength effective for administration by vari-
ous means to a human patient.

In one embodiment, FIX is administered in an amount
effective to bring circulating Factor IX activity to 20-30
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1U/dL in a subject. In another embodiment, FIX is adminis-
tered in an amount effective to bring circulating Factor IX
activity to 25-50 IU/dL in a subject. In another embodiment,
FIX is administered in an amount effective to bring circulat-
ing Factor IX activity to 50-100 IU/dL in a subject. In another
embodiment, FIX is administered in an amount effective to
bring circulating Factor IX activity to 100-200 IU/dL in a
subject. In another embodiment, FIX is administered in an
amount effective to bring circulating Factor IX activity to
10-50 IU/dL in a subject. In another embodiment, FIX is
administered in an amount effective to bring circulating Fac-
tor IX activity to 20-100 IU/dL in a subject.

In one embodiment, the CTP-modified coagulation factor
is administered to a subject on a weekly basis. In another
embodiment, the CTP-modified coagulation factor is admin-
istered to a subject twice a week. In another embodiment, the
CTP-modified coagulation factor is administered to a subject
on a fortnightly (once every two weeks) basis. In another
embodiment, the CTP-modified coagulation factor is admin-
istered to a subject twice a month. In another embodiment, the
CTP-modified coagulation factor is administered to a subject
once a month. In another embodiment, the CTP-modified
coagulation factor is administered to a subject on a daily
basis. In another embodiment, the CTP-modified coagulation
factor is administered to a subject every two days.

In another embodiment, a polypeptide comprising a coagu-
lation factor and at least one CTP unit is administered to a
subject once every three days. In another embodiment, a
polypeptide comprising a coagulation factor and at least one
CTP unit is administered to a subject once every four days. In
another embodiment, a polypeptide comprising a coagulation
factor and at least one CTP unit is administered to a subject
once every five days. In another embodiment, a polypeptide
comprising a coagulation factor and at least one CTP unit is
administered to a subject once every six days. In another
embodiment, a polypeptide comprising a coagulation factor
and at least one CTP unit is administered to a subject once
every 7-14 days. In another embodiment, a polypeptide com-
prising a coagulation factor and at least one CTP unit is
administered to a subject once every 10-20 days. In another
embodiment, a polypeptide comprising a coagulation factor
and at least one CTP unit is administered to a subject once
every 5-15 days. In another embodiment, a polypeptide com-
prising a coagulation factor and at least one CTP unit is
administered to a subject once every 15-30 days.

In another embodiment, the methods of the invention
include increasing the compliance in the use of coagulation
factor therapy, comprising providing to a subject in need
thereof, a polypeptide comprising a coagulation factor and at
least one chorionic gonadotrophin carboxy terminal peptide
(CTP) attached to the carboxy terminus of the coagulation
factor, thereby increasing compliance in the use of coagula-
tion factor therapy.

In another embodiment, the methods of the invention
include increasing the compliance of patients afflicted with
chronic illnesses that are in need of a coagulation factor
therapy. In another embodiment, the methods of the invention
enable reduction in the dosing frequency of a coagulation
factor by modifying the coagulation factor with CTPs as
described hereinabove.

In another embodiment, the present invention provides a
method of reducing the dosing frequency ofa Factor IX (FIX)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FIX polypeptide, thereby reducing the
dosing frequency of said FIX polypeptide. In another
embodiment, the present invention provides a method of
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reducing the dosing frequency of a Factor VIla (FVIla)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FVIIa polypeptide, thereby reducing
the dosing frequency of said FVIla polypeptide.

In another embodiment, the term compliance comprises
adherence. In another embodiment, the methods of the inven-
tion include increasing the compliance of patients in need of
a coagulation factor therapy by reducing the frequency of
administration of the coagulation factor. In another embodi-
ment, reduction in the frequency of administration of the
coagulation factor is achieved due to the CTP modifications
which render the CTP-modified coagulation factor more
stable. In another embodiment, reduction in the frequency of
administration of the coagulation factor is achieved as a result
of increasing T%: of the coagulation factor. In another
embodiment, reduction in the frequency of administration of
the coagulation factor is achieved as a result of increasing the
clearance time or reducing the clearance rate of the coagula-
tion factor.

In another embodiment, the present invention provides a
method of reducing the clearance rate of a Factor IX (FIX)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FIX polypeptide, thereby reducing the
clearance rate of said FIX polypeptide. In another embodi-
ment, the present invention provides a method of reducing the
clearance rate of a Factor V1la (FVIIa) polypeptide, compris-
ing the step of attaching three chorionic gonadotrophin car-
boxy terminal peptides (CTPs) to the carboxy terminus of
said FVIIapolypeptide, thereby reducing the clearance rate of
said FVIla polypeptide.

In another embodiment, reduction in the frequency of
administration of the coagulation factor is achieved as a result
of increasing the AUC measure of the coagulation factor.

In another embodiment, provided herein is a method of
reducing the dosing frequency of a coagulation factor, com-
prising the step of attaching one to ten CTPs to the carboxy
terminus of the coagulation factor, thereby reducing a dosing
frequency of the coagulation factor. In another embodiment,
provided herein is a method of reducing the dosing frequency
of'a coagulation factor, comprising the step of attaching one
to five CTPs to the carboxy terminus of the coagulation factor,
thereby reducing a dosing frequency of the coagulation fac-
tor. In another embodiment, provided herein is a method of
reducing the dosing frequency of a coagulation factor, com-
prising the step of attaching three CTPs to the carboxy termi-
nus of the coagulation factor, thereby reducing a dosing fre-
quency of the coagulation factor. In another embodiment,
provided herein is a method of reducing the dosing frequency
of'a coagulation factor, comprising the step of attaching three
to five CTPs to the carboxy terminus of the coagulation factor,
thereby reducing a dosing frequency of the coagulation fac-
tor.

In another embodiment, provided herein is a method of
increasing compliance in the use of coagulation factor
therapy, comprising providing to a subject in need thereof, a
polypeptide comprising a coagulation factor and one to ten
chorionic gonadotrophin carboxy terminal peptides attached
to the carboxy terminus of a coagulation factor, thereby
increasing compliance in the use of coagulation factor
therapy. In another embodiment, provided herein is a method
of increasing compliance in the use of coagulation factor
therapy, comprising providing to a subject in need thereof, a
polypeptide comprising a coagulation factor and one to five
chorionic gonadotrophin carboxy terminal peptides attached
to the carboxy terminus of a coagulation factor, thereby
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increasing compliance in the use of coagulation factor
therapy. In another embodiment, provided herein is a method
of increasing compliance in the use of coagulation factor
therapy, comprising providing to a subject in need thereof, a
polypeptide comprising a coagulation factor and three chori-
onic gonadotrophin carboxy terminal peptides attached to the
carboxy terminus of a coagulation factor, thereby increasing
compliance in the use of coagulation factor therapy. In
another embodiment, provided herein is a method of increas-
ing compliance in the use of coagulation factor therapy, com-
prising providing to a subject in need thereof, a polypeptide
comprising a coagulation factor and three to five chorionic
gonadotrophin carboxy terminal peptides attached to the car-
boxy terminus of a coagulation factor, thereby increasing
compliance in the use of coagulation factor therapy.

In another embodiment, provided herein is a method of
preventing or treating a blood clotting or coagulation disorder
in a subject, comprising providing to said subject a polypep-
tide comprising a coagulation factor and one to ten chorionic
gonadotrophin carboxy terminal peptides attached to the car-
boxy terminus of a coagulation factor, thereby treating a
blood clotting or coagulation disorder in said subject. In
another embodiment, provided herein is a method of prevent-
ing or treating a blood clotting or coagulation disorder in a
subject, comprising providing to a subject in need thereof, a
polypeptide comprising a coagulation factor and one to five
chorionic gonadotrophin carboxy terminal peptides attached
to the carboxy terminus of a coagulation factor, thereby pre-
venting or treating a blood clotting or coagulation disorder in
said subject. In another embodiment, provided herein is a
method of preventing or treating a blood clotting or coagula-
tion disorder in a subject, comprising providing to a subjectin
need thereof, a polypeptide comprising a coagulation factor
and three chorionic gonadotrophin carboxy terminal peptides
attached to the carboxy terminus of a coagulation factor,
thereby preventing or treating a blood clotting or coagulation
disorder in said subject. In another embodiment, provided
herein is a method of preventing or treating a blood clotting or
coagulation disorder in a subject, comprising providing to a
subject in need thereof, a polypeptide comprising a coagula-
tion factor and three to five chorionic gonadotrophin carboxy
terminal peptides attached to the carboxy terminus of a
coagulation factor, thereby preventing or treating a blood
clotting or coagulation disorder in said subject.

In another embodiment, provided herein is a method of
preventing hemophilia in a subject, comprising providing to
said subject a polypeptide comprising a coagulation factor
and one to ten chorionic gonadotrophin carboxy terminal
peptides attached to the carboxy terminus of a coagulation
factor, thereby preventing hemophilia in said subject. In
another embodiment, provided herein is a method of prevent-
ing hemophilia in a subject, comprising providing to a subject
in need thereof, a polypeptide comprising a coagulation fac-
tor and one to five chorionic gonadotrophin carboxy terminal
peptides attached to the carboxy terminus of a coagulation
factor, thereby preventing hemophilia in said subject. In
another embodiment, provided herein is a method of prevent-
ing hemophilia in a subject, comprising providing to a subject
in need thereof, a polypeptide comprising a coagulation fac-
tor and three chorionic gonadotrophin carboxy terminal pep-
tides attached to the carboxy terminus of a coagulation factor,
thereby preventing hemophilia in said subject. In another
embodiment, provided herein is a method of preventing
hemophilia in a subject, comprising providing to a subject in
need thereof, a polypeptide comprising a coagulation factor
and three to five chorionic gonadotrophin carboxy terminal

10

15

20

25

30

35

40

45

50

55

60

65

62

peptides attached to the carboxy terminus of a coagulation
factor, thereby preventing hemophilia in said subject.

In another embodiment, the present invention shows that
the compositions provided herein are surprisingly more effec-
tively absorbed into the bloodstream after SC administration
(see Examples 7-9 herein). To be able to administer FVIla
subcutaneously serves as an advantage as it can be used for
prophylactic applications. Subcutaneous injections are also
much easier for patients to self-inject, and are advantage
when the patients are very young and their veins are small and
difficult to find.

In another embodiment, provided herein is a method of
treating hemophilia in a subject, comprising providing to said
subject a polypeptide comprising a coagulation factor and
one to ten chorionic gonadotrophin carboxy terminal peptides
attached to the carboxy terminus of a coagulation factor,
thereby treating hemophilia in said subject. In another
embodiment, provided herein is a method of treating hemo-
philia in a subject, comprising providing to a subject in need
thereof, a polypeptide comprising a coagulation factor and
one to five chorionic gonadotrophin carboxy terminal pep-
tides attached to the carboxy terminus of a coagulation factor,
thereby treating hemophilia in said subject. In another
embodiment, provided herein is a method of treating hemo-
philia in a subject, comprising providing to a subject in need
thereof, a polypeptide comprising a coagulation factor and
three chorionic gonadotrophin carboxy terminal peptides
attached to the carboxy terminus of a coagulation factor,
thereby treating hemophilia in said subject. In another
embodiment, provided herein is a method of treating hemo-
philia in a subject, comprising providing to a subject in need
thereof, a polypeptide comprising a coagulation factor and
three to five chorionic gonadotrophin carboxy terminal pep-
tides attached to the carboxy terminus of a coagulation factor,
thereby treating hemophilia in said subject.

Oral administration, in one embodiment, comprises a unit
dosage form comprising tablets, capsules, lozenges, chew-
able tablets, suspensions, emulsions and the like. Such unit
dosage forms comprise a safe and effective amount of the
desired coagulation factor of the invention, each of which is in
one embodiment, from about 0.7 or 3.5 mg to about 280
mg/70 kg, or in another embodiment, about 0.5 or 10 mg to
about 210 mg/70 kg. The pharmaceutically-acceptable carri-
ers suitable for the preparation of unit dosage forms for per-
oral administration are well-known in the art. In some
embodiments, tablets typically comprise conventional phar-
maceutically-compatible adjuvants as inert diluents, such as
calcium carbonate, sodium carbonate, mannitol, lactose and
cellulose; binders such as starch, gelatin and sucrose; disin-
tegrants such as starch, alginic acid and croscarmelose; lubri-
cants such as magnesium stearate, stearic acid and talc. In one
embodiment, glidants such as silicon dioxide can be used to
improve flow characteristics of the powder-mixture. In one
embodiment, coloring agents, such as the FD&C dyes, can be
added for appearance. Sweeteners and flavoring agents, such
as aspartame, saccharin, menthol, peppermint, and fruit fla-
vors, are useful adjuvants for chewable tablets. Capsules typi-
cally comprise one or more solid diluents disclosed above. In
some embodiments, the selection of carrier components
depends on secondary considerations like taste, cost, and
shelf stability, which are not critical for the purposes of this
invention, and can be readily made by a person skilled in the
art.

In one embodiment, the oral dosage form comprises pre-
defined release profile. In one embodiment, the oral dosage
form of the present invention comprises an extended release
tablets, capsules, lozenges or chewable tablets. In one
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embodiment, the oral dosage form of the present invention
comprises a slow release tablets, capsules, lozenges or chew-
able tablets. In one embodiment, the oral dosage form of the
present invention comprises an immediate release tablets,
capsules, lozenges or chewable tablets. In one embodiment,
the oral dosage form is formulated according to the desired
release profile of the pharmaceutical active ingredient as
known to one skilled in the art.

Peroral compositions, in some embodiments, comprise lig-
uid solutions, emulsions, suspensions, and the like. In some
embodiments, pharmaceutically-acceptable carriers suitable
for preparation of such compositions are well known in the
art. In some embodiments, liquid oral compositions comprise
from about 0.001% to about 0.933% of the desired compound
or compounds, or in another embodiment, from about 0.01%
to about 10%.

Insome embodiments, compositions for use in the methods
of this invention comprise solutions or emulsions, which in
some embodiments are aqueous solutions or emulsions com-
prising a safe and effective amount of the compounds of the
present invention and optionally, other compounds, intended
for topical intranasal administration. In some embodiments, h
compositions comprise from about 0.001% to about 10.0%
w/v of a subject compound, more preferably from about
00.1% to about 2.0, which is used for systemic delivery of the
compounds by the intranasal route.

In another embodiment, a polypeptide comprising a coagu-
lation factor and at least one CTP unit is injected into the
muscle (intramuscular injection). In another embodiment, a
polypeptide comprising a coagulation factor and at least one
CTP unit is injected below the skin (subcutaneous injection).
In another embodiment, a polypeptide comprising a coagu-
lation factor and at least one CTP unit is injected into the
muscle. In another embodiment, a polypeptide comprising a
coagulation factor and at least one CTP unit is injected into
the skin. In another embodiment, a coagulation factor as
described herein is administered via systemic administration.
In another embodiment, a coagulation factor as described
herein is administered by intravenous injection. In another
embodiment, administration can be parenteral, pulmonary,
oral, topical, intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, intranasal, transnasal, intraocu-
lar, ophthalmic, epidural, buccal, rectal, transmucosal, intes-
tinal or parenteral delivery, including intramedullary injec-
tions as well as intrathecal or direct intraventricular
administration.

In another embodiment, the preparation is administered in
a local rather than systemic manner, for example, via injec-
tion of the preparation directly into a specific region of a
patient’s body.

In one embodiment, the route of administration may be
enteral. In another embodiment, the route may be conjuncti-
val, transdermal, intradermal, intra-arterial, vaginal, rectal,
intratumoral, parcanceral, transmucosal, intramuscular,
intravascular, intraventricular, intracranial, intra-nasal, sub-
lingual, or a combination thereof.

In another embodiment, the pharmaceutical compositions
are administered by intravenous, intra-arterial, or intramus-
cular injection of a liquid preparation. In some embodiments,
liquid formulations include solutions, suspensions, disper-
sions, emulsions, oils and the like. In one embodiment, the
pharmaceutical compositions are administered intrave-
nously, and are thus formulated in a form suitable for intra-
venous administration. In another embodiment, the pharma-
ceutical compositions are administered intra-arterially, and
are thus formulated in a form suitable for intra-arterial admin-
istration. In another embodiment, the pharmaceutical com-
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positions are administered intramuscularly, and are thus for-
mulated in a form suitable for intramuscular administration.

Further, in another embodiment, the pharmaceutical com-
positions are administered topically to body surfaces, and are
thus formulated in a form suitable for topical administration.
Suitable topical formulations include gels, ointments,
creams, lotions, drops and the like. For topical administration,
the compounds of the present invention are combined with an
additional appropriate therapeutic agent or agents, prepared
and applied as solutions, suspensions, or emulsions in a
physiologically acceptable diluent with or without a pharma-
ceutical carrier.

In one embodiment, pharmaceutical compositions of the
present invention are manufactured by processes well known
in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encap-
sulating, entrapping or lyophilizing processes.

In one embodiment, pharmaceutical compositions for use
in accordance with the present invention is formulated in a
conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries,
which facilitate processing of the active ingredients into
preparations which, can be used pharmaceutically. In one
embodiment, formulation is dependent upon the route of
administration chosen.

In one embodiment, injectables of the invention are formu-
lated in aqueous solutions. In one embodiment, injectables of
the invention are formulated in physiologically compatible
buffers such as Hanks solution, Ringer’s solution, or physi-
ological salt buffer. In some embodiments, for transmucosal
administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are
generally known in the art.

In one embodiment, the preparations described herein are
formulated for parenteral administration, e.g., by bolus injec-
tion or continuous infusion. In some embodiments, formula-
tions for injection are presented in unit dosage form, e.g., in
ampoules or in multidose containers with optionally, an
added preservative. In some embodiments, compositions are
suspensions, solutions or emulsions in oily or aqueous
vehicles, and contain formulatory agents such as suspending,
stabilizing and/or dispersing agents.

The compositions also comprise, in some embodiments,
preservatives, such as benzalkonium chloride and thimerosal
and the like; chelating agents, such as edetate sodium and
others; buffers such as phosphate, citrate and acetate; tonicity
agents such as sodium chloride, potassium chloride, glycerin,
mannitol and others; antioxidants such as ascorbic acid, ace-
tylcystine, sodium metabisulfote and others; aromatic agents;
viscosity adjustors, such as polymers, including cellulose and
derivatives thereof; and polyvinyl alcohol and acid and bases
to adjust the pH of these aqueous compositions as needed.
The compositions also comprise, in some embodiments, local
anesthetics or other actives. The compositions can be used as
sprays, mists, drops, and the like.

In some embodiments, pharmaceutical compositions for
parenteral administration include aqueous solutions of the
active preparation in water-soluble form. Additionally, sus-
pensions of the active ingredients, in some embodiments, are
prepared as appropriate oil or water based injection suspen-
sions. Suitable lipophilic solvents or vehicles include, in
some embodiments, fatty oils such as sesame oil, or synthetic
fatty acid esters such as ethyl oleate, triglycerides or lipo-
somes. Aqueous injection suspensions contain, in some
embodiments, substances, which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol
or dextran. In another embodiment, the suspension also con-
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tains suitable stabilizers or agents which increase the solubil-
ity of the active ingredients to allow for the preparation of
highly concentrated solutions.

In another embodiment, the active compound can be deliv-
eredina vesicle, in particular a liposome (see Langer, Science
249:1527-1533 (1990); Treat et al., in Liposomes in the
Therapy of Infectious Disease and Cancer, Lopez-Berestein
and Fidler (eds.), Liss, New York, pp. 353-365 (1989); Lopez-
Berestein, ibid., pp.317-327; J. E. Diederichs and al., Pharm./
nd. 56 (1994) 267-275).

In another embodiment, the pharmaceutical composition
delivered in a controlled release system is formulated for
intravenous infusion, implantable osmotic pump, transder-
mal patch, liposomes, or other modes of administration. In
one embodiment, a pump is used (see Langer, supra; Sefton,
CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et al.,
Surgery 88:507 (1980); Saudek et al., N. Engl. J. Med. 321:
574 (1989). In another embodiment, polymeric materials can
be used. In yet another embodiment, a controlled release
system can be placed in proximity to the therapeutic target,
i.e., the brain, thus requiring only a fraction of the systemic
dose (see, e.g., Goodson, in Medical Applications of Con-
trolled Release, supra, vol. 2, pp. 115-138 (1984). Other
controlled release systems are discussed in the review by
Langer (Science 249:1527-1533 (1990).

In some embodiments, the active ingredient is in powder
form for constitution with a suitable vehicle, e.g., sterile,
pyrogen-free water based solution, before use. Compositions
are formulated, in some embodiments, for atomization and
inhalation administration. In another embodiment, composi-
tions are contained in a container with attached atomizing
means.

In one embodiment, the preparation of the present inven-
tion is formulated in rectal compositions such as supposito-
ries or retention enemas, using, e.g., conventional supposi-
tory bases such as cocoa butter or other glycerides.

In some embodiments, pharmaceutical compositions suit-
able for use in context of the present invention include com-
positions wherein the active ingredients are contained in an
amount effective to achieve the intended purpose. In some
embodiments, a therapeutically effective amount means an
amount of active ingredients effective to prevent, alleviate or
ameliorate symptoms of disease or prolong the survival of the
subject being treated.

In one embodiment, determination of a therapeutically
effective amount is well within the capability of those skilled
in the art.

Some examples of substances which can serve as pharma-
ceutically-acceptable carriers or components thereof are sug-
ars, such as lactose, glucose and sucrose; starches, such as
corn starch and potato starch; cellulose and its derivatives,
such as sodium carboxymethyl cellulose, ethyl cellulose, and
methyl cellulose; powdered tragacanth; malt; gelatin; talc;
solid lubricants, such as stearic acid and magnesium stearate;
calcium sulfate; vegetable oils, such as peanut oil, cottonseed
oil, sesame oil, olive oil, corn oil and oil of theobroma; poly-
ols such as propylene glycol, glycerine, sorbitol, mannitol,
and polyethylene glycol; alginic acid; emulsifiers, such as the
Tween™ brand emulsifiers; wetting agents, such sodium lau-
ryl sulfate; coloring agents; flavoring agents; tableting agents,
stabilizers; antioxidants; preservatives; pyrogen-free water;
isotonic saline; and phosphate buffer solutions. The choice of
a pharmaceutically-acceptable carrier to be used in conjunc-
tion with the compound is basically determined by the way
the compound is to be administered. If the subject compound
is to be injected, in one embodiment, the pharmaceutically-
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acceptable carrier is sterile, physiological saline, with a
blood-compatible suspending agent, the pH of which has
been adjusted to about 7.4.

In addition, the compositions further comprise binders
(e.g. acacia, cornstarch, gelatin, carbomer, ethyl cellulose,
guar gum, hydroxypropyl cellulose, hydroxypropyl methyl
cellulose, povidone), disintegrating agents (e.g. cornstarch,
potato starch, alginic acid, silicon dioxide, croscarmelose
sodium, crospovidone, guar gum, sodium starch glycolate),
buffers (e.g., Tris-HCIl., acetate, phosphate) of various pH and
ionic strength, additives such as albumin or gelatin to prevent
absorption to surfaces, detergents (e.g., Tween 20, Tween 80,
Pluronic F68, bile acid salts), protease inhibitors, surfactants
(e.g. sodium lauryl sulfate), permeation enhancers, solubiliz-
ing agents (e.g., glycerol, polyethylene glycerol), antioxi-
dants (e.g., ascorbic acid, sodium metabisulfite, butylated
hydroxyanisole), stabilizers (e.g. hydroxypropyl cellulose,
hyroxypropylmethyl cellulose), viscosity increasing agents
(e.g. carbomer, colloidal silicon dioxide, ethyl cellulose, guar
gum), sweeteners (e.g. aspartame, citric acid), preservatives
(e.g., Thimerosal, benzyl alcohol, parabens), lubricants (e.g.
stearic acid, magnesium stearate, polyethylene glycol,
sodium lauryl sulfate), flow-aids (e.g. colloidal silicon diox-
ide), plasticizers (e.g. diethyl phthalate, triethyl citrate),
emulsifiers (e.g. carbomer, hydroxypropyl cellulose, sodium
lauryl sulfate), polymer coatings (e.g., poloxamers or polox-
amines), coating and film forming agents (e.g. ethyl cellulose,
acrylates, polymethacrylates) and/or adjuvants.

Typical components of carriers for syrups, elixirs, emul-
sions and suspensions include ethanol, glycerol, propylene
glycol, polyethylene glycol, liquid sucrose, sorbitol and
water. For a suspension, typical suspending agents include
methyl cellulose, sodium carboxymethyl cellulose, cellulose
(e.g. Avicel™, RC-591), tragacanth and sodium alginate;
typical wetting agents include lecithin and polyethylene
oxide sorbitan (e.g. polysorbate 80). Typical preservatives
include methyl paraben and sodium benzoate. In another
embodiment, peroral liquid compositions also contain one or
more components such as sweeteners, flavoring agents and
colorants disclosed above.

The compositions also include incorporation of the active
material into or onto particulate preparations of polymeric
compounds such as polylactic acid, polglycolic acid, hydro-
gels, etc, or onto liposomes, microemulsions, micelles, unila-
mellar or multilamellar vesicles, erythrocyte ghosts, or
spheroplasts.) Such compositions will influence the physical
state, solubility, stability, rate of in vivo release, and rate of in
vivo clearance.

Also comprehended by the invention are particulate com-
positions coated with polymers (e.g. poloxamers or poloxam-
ines) and the compound coupled to antibodies directed
against tissue-specific receptors, ligands or antigens or
coupled to ligands of tissue-specific receptors.

In some embodiments, compounds modified by the cova-
lent attachment of water-soluble polymers such as polyeth-
ylene glycol, copolymers of polyethylene glycol and
polypropylene glycol, carboxymethyl cellulose, dextran,
polyvinyl alcohol, polyvinylpyrrolidone or polyproline. In
another embodiment, the modified compounds exhibit sub-
stantially longer half-lives in blood following intravenous
injection than do the corresponding unmodified compounds.
In one embodiment, modifications also increase the com-
pound’s solubility in aqueous solution, eliminate aggrega-
tion, enhance the physical and chemical stability of the com-
pound, and greatly reduce the immunogenicity and reactivity
of'the compound. In another embodiment, the desired in vivo
biological activity is achieved by the administration of such
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polymer-compound abducts less frequently or in lower doses
than with the unmodified compound.

In some embodiments, preparation of effective amount or
dose can be estimated initially from in vitro assays. In one
embodiment, a dose can be formulated in animal models and
such information can be used to more accurately determine
useful doses in humans.

In one embodiment, toxicity and therapeutic efficacy of the
active ingredients described herein can be determined by
standard pharmaceutical procedures in vitro, in cell cultures
or experimental animals. In one embodiment, the data
obtained from these in vitro and cell culture assays and animal
studies can be used in formulating a range of dosage for use in
human. In one embodiment, the dosages vary depending
upon the dosage form employed and the route of administra-
tion utilized. In one embodiment, the exact formulation, route
of'administration and dosage can be chosen by the individual
physician in view of the patient’s condition. [See e.g., Fingl,
et al., (1975) “The Pharmacological Basis of Therapeutics”,
Ch.1p.1].

In one embodiment, depending on the severity and respon-
siveness of the condition to be treated, dosing can be of a
single or a plurality of administrations, with course of treat-
ment lasting from several days to several weeks or until cure
is effected or diminution of the disease state is achieved.

In one embodiment, the amount of a composition to be
administered will, of course, be dependent on the subject
being treated, the severity of the affliction, the manner of
administration, the judgment of the prescribing physician,
etc.

In one embodiment, compositions including the prepara-
tion of the present invention formulated in a compatible phar-
maceutical carrier are also prepared, placed in an appropriate
container, and labeled for treatment of an indicated condition.

In another embodiment, a coagulation factor as described
herein is lyophilized (i.e., freeze-dried) preparation in com-
bination with complex organic excipients and stabilizers such
as nonionic surface active agents (i.e., surfactants), various
sugars, organic polyols and/or human serum albumin. In
another embodiment, a pharmaceutical composition com-
prises a lyophilized coagulation factor as described in sterile
water for injection. In another embodiment, a pharmaceutical
composition comprises a lyophilized coagulation factor as
described in sterile PBS for injection. In another embodi-
ment, a pharmaceutical composition comprises a lyophilized
coagulation factor as described in sterile 0.9% NaCl for injec-
tion.

In another embodiment, the pharmaceutical composition
comprises a coagulation factor as described herein and com-
plex carriers such as human serum albumin, polyols, sugars,
and anionic surface active stabilizing agents. In another
embodiment, the pharmaceutical composition comprises a
coagulation factor as described herein and lactobionic acid
and an acetate/glycine buffer. In another embodiment, the
pharmaceutical composition comprises a coagulation factor
as described herein and amino acids, such as arginine or
glutamate that increase the solubility of interferon composi-
tions in water. In another embodiment, the pharmaceutical
composition comprises a lyophilized coagulation factor as
described herein and glycine or human serum albumin
(HSA), a buffer (e.g. acetate) and an isotonic agent (e.g
NaCl). In another embodiment, the pharmaceutical composi-
tion comprises a lyophilized coagulation factor as described
herein and phosphate buffer, glycine and HSA.

In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein is stabi-
lized when placed in butfered solutions having a pH between
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about 4 and 7.2. In another embodiment, the pharmaceutical
composition comprising a coagulation factor is in a buffered
solution having a pH between about 4 and 8.5. In another
embodiment, the pharmaceutical composition comprising a
coagulation factor is in a buffered solution having a pH
between about 6 and 7. In another embodiment, the pharma-
ceutical composition comprising a coagulation factor is in a
buffered solution having a pH of about 6.5. In another
embodiment, the pharmaceutical composition comprising a
coagulation factor as described herein is stabilized with an
amino acid as a stabilizing agent and in some cases a salt (if
the amino acid does not contain a charged side chain).

In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein is a liquid
composition comprising a stabilizing agent at between about
0.3% and 5% by weight which is an amino acid.

In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein provides
dosing accuracy and product safety. In another embodiment,
the pharmaceutical composition comprising a coagulation
factor as described herein provides a biologically active,
stable liquid formulation for use in injectable applications. In
another embodiment, the pharmaceutical composition com-
prises a non-lyophilized coagulation factor as described
herein.

In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein provides
a liquid formulation permitting storage for a long period of
time in a liquid state facilitating storage and shipping prior to
administration.

In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein com-
prises solid lipids as matrix material. In another embodiment,
the injectable pharmaceutical composition comprising a
coagulation factor as described herein comprises solid lipids
as matrix material. In another embodiment, the production of
lipid microparticles by spray congealing was described by
Speiser (Speiser and al., Pharm. Res. 8 (1991) 47-54) fol-
lowed by lipid nanopellets for peroral administration (Speiser
EP 0167825 (1990)). In another embodiment, lipids, which
are used, are well tolerated by the body (e.g. glycerides com-
posed of fatty acids which are present in the emulsions for
parenteral nutrition).

In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein com-
prises polymeric microparticles. In another embodiment, the
pharmaceutical composition comprising a coagulation factor
as described herein comprises nanoparticles. In another
embodiment, the pharmaceutical composition comprising a
coagulation factor as described herein comprises liposomes.
In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein com-
prises lipid emulsion. In another embodiment, the pharma-
ceutical composition comprising a coagulation factor as
described herein comprises microspheres. In another
embodiment, the pharmaceutical composition comprising a
coagulation factor as described herein comprises lipid nano-
particles. In another embodiment, the pharmaceutical com-
position comprising a coagulation factor as described herein
comprises lipid nanoparticles comprising amphiphilic lipids.
In another embodiment, the pharmaceutical composition
comprising a coagulation factor as described herein com-
prises lipid nanoparticles comprising a drug, a lipid matrix
and a surfactant. In another embodiment, the lipid matrix has
a monoglyceride content which is at least 50% w/w.

In one embodiment, compositions of the present invention
are presented in a pack or dispenser device, such as an FDA
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approved kit, which contain one or more unit dosage forms
containing the active ingredient. In one embodiment, the
pack, for example, comprise metal or plastic foil, such as a
blister pack. In one embodiment, the pack or dispenser device
is accompanied by instructions for administration. In one
embodiment, the pack or dispenser is accommodated by a
notice associated with the container in a form prescribed by a
governmental agency regulating the manufacture, use or sale
of pharmaceuticals, which notice is reflective of approval by
the agency of the form of the compositions or human or
veterinary administration. Such notice, in one embodiment, is
labeling approved by the U.S. Food and Drug Administration
for prescription drugs or of an approved product insert.

In one embodiment, it will be appreciated that the coagu-
lation factors of the present invention can be provided to the
individual with additional active agents to achieve an
improved therapeutic effect as compared to treatment with
each agent by itself. In another embodiment, measures (e.g.,
dosing and selection of the complementary agent) are taken to
avoid adverse side effects which are associated with combi-
nation therapies.

In another embodiment, the present invention provides a
CTP-modified Factor VIla (FVIIa) polypeptide consisting of
a FVIla polypeptide and five gonadotropin carboxy terminal
peptides (CTPs) attached to the carboxy terminus of said
FVIla.

In another embodiment, the present invention provides a
pharmaceutical composition comprising a CTP-modified
Factor VIla (FVIIa) polypeptide consisting of a FVIla
polypeptide and five gonadotropin carboxy terminal peptides
(CTPs) attached to the carboxy terminus of said FVIla.

In another embodiment, the present invention provides a
polynucleotide encoding a CTP-modified polypeptide con-
sisting of a Factor VIla (FVIIa) polypeptide and three gona-
dotropin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of said FVIIa polypeptide.

In another embodiment, the present invention provides an
expression vector comprising a polynucleotide encoding a
CTP-modified polypeptide consisting of a Factor Vlla
(FVI1la) polypeptide and three gonadotropin carboxy terminal
peptides (CTPs) attached to the carboxy terminus of said
FVIla polypeptide.

In another embodiment, the present invention provides a
cell comprising an expression vector comprising a polynucle-
otide encoding a CTP-modified polypeptide consisting of a
Factor V1la (FVIla) polypeptide and three gonadotropin car-
boxy terminal peptides (CTPs) attached to the carboxy ter-
minus of said FVIIa polypeptide.

In another embodiment, the present invention provides a
composition comprising an expression vector comprising a
polynucleotide encoding a CTP-modified polypeptide con-
sisting of a Factor VIla (FVIIa) polypeptide and three gona-
dotropin carboxy terminal peptides (CTPs) attached to the
carboxy terminus of said FVIIa polypeptide.

In another embodiment, the present invention provides a
method of extending the biological half-life of a Factor VIla
(FVIla) polypeptide, comprising the step of attaching three
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FVIla polypeptide, thereby
extending the biological half-life of said FVIla polypeptide.

In another embodiment, the present invention provides a
method of improving the area under the curve (AUC) of a
Factor VIla (FVIIa) polypeptide, comprising the step of
attaching three chorionic gonadotrophin carboxy terminal
peptides (CTPs) to the carboxy terminus of said FVIla
polypeptide, thereby improving the AUC of said FVIla
polypeptide.
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In another embodiment, the present invention provides a
method of reducing the dosing frequency of a Factor VIla
(FVIIa) polypeptide, comprising the step of attaching three
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FVIla polypeptide, thereby
reducing the dosing frequency of said FVIla polypeptide.

In another embodiment, the present invention provides a
method of reducing the clearance rate of a Factor V1la (FVIla)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FVIIa polypeptide, thereby reducing
the clearance rate of said FVIla polypeptide.

In another embodiment, the present invention provides a
method of producing a CTP-modified Factor VIla (FVIla)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FVIIa polypeptide, thereby producing
a CTP-modified FVIla polypeptide.

In another embodiment, the present invention provides a
method of treating hemophilia in a subject comprising admin-
istering a CTP-modified Factor VIla (FVIla) polypeptide
comprising a FVIIa polypeptide and three chorionic gonadot-
rophin carboxy terminal peptides (CTPs) attached to the car-
boxy terminus of said FVIla polypeptide to said subject,
thereby treating hemophilia in said subject.

In one embodiment, the present invention provides a CTP-
modified Factor IX (FIX) polypeptide consisting of a FIX
polypeptide and three gonadotropin carboxy terminal pep-
tides (CTPs) attached to the carboxy terminus of said CTP-
modified FIX polypeptide. In another embodiment, the
present invention provides a CTP-modified FIX polypeptide,
wherein the sequence of said CTP-modified FIX polypeptide
is the sequence set forth in SEQ ID NO: 31. In another
embodiment, the present invention provides a CTP-modified
FIX polypeptide, wherein at least one CTP is encoded by an
amino acid sequence selected from the group consisting of:
SEQ ID NO: 1 and SEQ ID NO: 2. In another embodiment,
the present invention provides a CTP-modified FIX polypep-
tide, wherein at least one CTP is glycosylated. In another
embodiment, the present invention provides a CTP-modified
FIX polypeptide, wherein at least one CTP is truncated. In
another embodiment, the present invention provides a CTP-
modified FIX polypeptide, wherein at least one CTP is
attached to said FIX polypeptide via a linker. In another
embodiment, the present invention provides a CTP-modified
FIX polypeptide, wherein said linker is a peptide bond.

In one embodiment, the present invention provides a phar-
maceutical composition comprising the CTP-modified FIX
polypeptide.

In one embodiment, the present invention provides a poly-
nucleotide encoding a CTP-modified polypeptide consisting
of a Factor IX (FIX) polypeptide and three gonadotropin
carboxy terminal peptides (CTPs) attached to the carboxy
terminus of said FIX polypeptide. In another embodiment,
the present invention provides a polynucleotide, wherein the
sequence of said polynucleotide is as set forth in SEQ ID NO:
30. In another embodiment, the present invention provides a
polynucleotide, wherein at least one CTP is encoded by an
amino acid sequence selected from the group consisting of:
SEQ ID NO: 1 and SEQ ID NO: 2. In another embodiment,
the present invention provides a polynucleotide, wherein at
least one CTP is glycosylated. In another embodiment, the
present invention provides a polynucleotide, wherein at least
one CTP is truncated. In another embodiment, the present
invention provides a polynucleotide, wherein at least one
CTP is attached to said FIX polypeptide via a linker. In
another embodiment, the present invention provides a poly-
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nucleotide, wherein said linker is a peptide bond. An expres-
sion vector comprising the polynucleotide.

In one embodiment, the present invention provides a cell
comprising the expression vector.

In one embodiment, the present invention provides a com-
position comprising the expression vector.

In one embodiment, the present invention provides a
method of extending the biological half-life of a Factor IX
(FIX) polypeptide, comprising the step of attaching three
chorionic gonadotrophin carboxy terminal peptides (CTPs)
to the carboxy terminus of said FIX polypeptide, thereby
extending the biological half-life of said FIX polypeptide. In
another embodiment, the present invention provides a
method, wherein at least one CTP is encoded by an amino
acid sequence selected from the group consisting of: SEQ ID
NO: 1 and SEQID NO: 2. In another embodiment, the present
invention provides a method, wherein at least one CTP is
glycosylated. In another embodiment, the present invention
provides a method, wherein at least one CTP is truncated. In
another embodiment, the present invention provides a
method, wherein at least one CTP is attached to said FIX
polypeptide via a linker. In another embodiment, the present
invention provides a method, wherein said linker is a peptide
bond.

In one embodiment, the present invention provides a
method of improving the area under the curve (AUC) of a
Factor IX (FIX) polypeptide, comprising the step of attaching
three chorionic gonadotrophin carboxy terminal peptides
(CTPs) to the carboxy terminus of said FIX polypeptide,
thereby improving the AUC of said FIX polypeptide. In
another embodiment, the present invention provides a
method, wherein at least one CTP is encoded by an amino
acid sequence selected from the group consisting of: SEQ ID
NO: 1 and SEQID NO: 2. In another embodiment, the present
invention provides a method, wherein at least one CTP is
glycosylated. In another embodiment, the present invention
provides a method, wherein at least one CTP is truncated. In
another embodiment, the present invention provides a
method, wherein at least one CTP is attached to said FIX
polypeptide via a linker. In another embodiment, the present
invention provides a method, wherein said linker is a peptide
bond.

In one embodiment, the present invention provides a
method of reducing the dosing frequency ofa Factor IX (FIX)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FIX polypeptide, thereby reducing the
dosing frequency of said FIX polypeptide. In another
embodiment, the present invention provides a method,
wherein at least one CTP is encoded by an amino acid
sequence selected from the group consisting of: SEQ ID NO:
1 and SEQ ID NO: 2. In another embodiment, the present
invention provides a method, wherein at least one CTP is
glycosylated. In another embodiment, the present invention
provides a method, wherein at least one CTP is truncated. In
another embodiment, the present invention provides a
method, wherein at least one CTP is attached to said FIX
polypeptide via a linker. In another embodiment, the present
invention provides a method, wherein said linker is a peptide
bond.

In one embodiment, the present invention provides a
method of reducing the clearance rate of a Factor IX (FIX)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FIX polypeptide, thereby reducing the
clearance rate of said FIX polypeptide. In another embodi-
ment, the present invention provides a method, wherein at
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least one CTP is encoded by an amino acid sequence selected
from the group consisting of: SEQ ID NO: 1 and SEQ ID NO:
2. In another embodiment, the present invention provides a
method, wherein at least one CTP is glycosylated. In another
embodiment, the present invention provides a method,
wherein at least one CTP is truncated. In another embodi-
ment, the present invention provides a method, wherein at
least one CTP is attached to said FIX polypeptide via a linker.
In another embodiment, the present invention provides a
method, wherein at least one CTP is attached to said FVII
polypeptide via a linker. In another embodiment, the present
invention provides a method, wherein said linker is a peptide
bond.

In one embodiment, the present invention provides a
method of producing a CTP-modified Factor IX (FIX)
polypeptide, comprising the step of attaching three chorionic
gonadotrophin carboxy terminal peptides (CTPs) to the car-
boxy terminus of said FIX polypeptide, thereby producing a
CTP-modified FIX polypeptide. In another embodiment, the
present invention provides a method, wherein the sequence of
said CTP-modified FIX polypeptide is the sequence set forth
in SEQ ID NO: 31. In another embodiment, the present inven-
tion provides a method, wherein at least one CTP is encoded
by an amino acid sequence selected from the group consisting
of: SEQ ID NO: 1 and SEQ ID NO: 2. In another embodi-
ment, the present invention provides a method, wherein at
least one CTP is glycosylated. In another embodiment, the
present invention provides a method, wherein at least one
CTP is truncated. In another embodiment, the present inven-
tion provides a method, wherein at least one CTP is attached
to said FIX polypeptide via a linker. In another embodiment,
the present invention provides a method, wherein said linker
is a peptide bond.

In one embodiment, the present invention provides a
method of treating hemophilia in a subject comprising admin-
istering a CTP-modified Factor IX (FIX) polypeptide com-
prising a FIX polypeptide and three chorionic gonadotrophin
carboxy terminal peptides (CTPs) attached to the carboxy
terminus of said FIX polypeptide to said subject, thereby
treating hemophilia in said subject. In another embodiment,
the present invention provides a method, wherein the
sequence of said CTP-modified FIX polypeptide is the
sequence set forthin SEQ ID NO: 31. In another embodiment,
the present invention provides a method, wherein at least one
CTP is encoded by an amino acid sequence selected from the
group consisting of: SEQ ID NO: 1 and SEQ ID NO: 2. In
another embodiment, the present invention provides a
method, wherein at least one CTP is glycosylated. In another
embodiment, the present invention provides a method,
wherein at least one CTP is truncated. In another embodi-
ment, the present invention provides a method, wherein at
least one CTP is attached to said FIX polypeptide via a linker.
In another embodiment, the present invention provides a
method, wherein said linker is a peptide bond.

As is generally known in the art, the modified peptides and
proteins of the invention may be coupled to labels, drugs,
targeting agents, carriers, solid supports, and the like, depend-
ing on the desired application. The labeled forms of the modi-
fied biologicals may be used to track their metabolic fate;
suitable labels for this purpose include, especially, radioiso-
tope labels such as iodine 131, technetium 99, indium 111,
and the like. The labels may also be used to mediate detection
of the modified proteins or peptides in assay systems; in this
instance, radioisotopes may also be used as well as enzyme
labels, fluorescent labels, chromogenic labels, and the like.
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The use of such labels is particularly helpful if the peptide or
protein is itself a targeting agent such as an antibody or a
receptor ligand.

Similar linking techniques, along with others, may be
employed to couple the modified peptides and proteins of the
invention to solid supports. When coupled, these modified
peptides and proteins can then be used as affinity reagents for
the separation of desired components with which specific
reaction is exhibited.

Finally, the modified peptides and proteins of the invention
may be used to generate antibodies specifically immunoreac-
tive with these new compounds. These antibodies are useful
in a variety of diagnostic and therapeutic applications,
depending on the nature of the biological activity of the
unmodified peptide or protein. It is to be understood that the
invention provides antibodies that are immunoreactive with
CTP-modified FIX, FVII, or FVIIa as described herein. In
one embodiment, such antibodies may be used to distinguish
or identity CTP-modified coagulation factors that were
administered from endogenous coagulation factors. In
another embodiment, the antibodies may be used to localize
administered CTP-modified coagulation factors.

Additional objects, advantages, and novel features of the
present invention will become apparent to one ordinarily
skilled in the art upon examination of the following examples,
which are not intended to be limiting. Additionally, each of
the various embodiments and aspects of the present invention
as delineated hereinabove and as claimed in the claims sec-
tion below finds experimental support in the following
examples.

EXAMPLES

Generally, the nomenclature used herein and the laboratory
procedures utilized in the present invention include molecu-
lar, biochemical, microbiological and recombinant DNA
techniques. Such techniques are thoroughly explained in the
literature. See, for example, “Molecular Cloning: A labora-
tory Manual” Sambrook et al., (1989); “Current Protocols in
Molecular Biology” Volumes I-III Ausubel, R. M., ed.
(1994); Ausubel et al., “Current Protocols in Molecular Biol-
ogy”, John Wiley and Sons, Baltimore, Md. (1989); Perbal,
“A Practical Guide to Molecular Cloning”, John Wiley &
Sons, New York (1988); Watson et al., “Recombinant DNA”,
Scientific American Books, New York; Birren et al. (eds)
“Genome Analysis: A Laboratory Manual Series”, Vols. 1-4,
Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,
202; 4,801,531; 5,192,659 and 5,272,057, “Cell Biology: A
Laboratory Handbook”, Volumes I-III Cellis, J. E., ed.
(1994); “Culture of Animal Cells—A Manual of Basic Tech-
nique” by Freshney, Wiley-Liss, N.Y. (1994), Third Edition;
“Current Protocols in Immunology” Volumes I-I11 Coligan J.
E., ed. (1994); Stites et al. (eds), “Basic and Clinical Immu-
nology” (8th Edition), Appleton & Lange, Norwalk, Conn.
(1994); Mishell and Shiigi (eds), “Selected Methods in Cel-
Iular Immunology”, W. H. Freeman and Co., New York
(1980); available immunoassays are extensively described in
the patent and scientific literature, see, for example, U.S. Pat.
Nos. 3,791,932;3,839,153; 3,850,752, 3,850,578, 3,853,987,
3,867,517, 3,879,262; 3,901,654; 3,935,074; 3,984,533,
3,996,345; 4,034,074; 4,098,876; 4,879,219; 5,011,771 and
5,281,521; “Oligonucleotide Synthesis” Gait, M. J., ed.
(1984); “Nucleic Acid Hybridization” Hames, B. D., and
Higgins S. J., eds. (1985); “Transcription and Translation”
Hames, B. D., and Higgins S. J., eds. (1984); “Animal Cell
Culture” Freshney, R. 1., ed. (1986); “Immobilized Cells and
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Enzymes” IRL Press, (1986); “A Practical Guide to Molecu-
lar Cloning” Perbal, B., (1984) and “Methods in Enzymol-
ogy” Vol. 1-317, Academic Press; “PCR Protocols: A Guide
To Methods And Applications”, Academic Press, San Diego,
Calif. (1990); Marshak et al., “Strategies for Protein Purifi-
cation and Characterization—A Laboratory Course Manual”
CSHL Press (1996); all of which are incorporated by refer-
ence. Other general references are provided throughout this
document.

Example 1
Generation and Utilization of Coagulation Factor IX

Cloning and Expression of Recombinant FIX Molecule:

Factor IX clones were constructed in our eukaryotic
expression vector pCl-neo (Promega, catalog no. E1841).
ORF Clone of Homo sapiens coagulation factor IX was
ordered from “OriGene” (RC219065). Primers were ordered
from Sigma-Genosys.

Construction of 301-1-pCI-Neo-p200-11 (Factor IX-ctpx

2):

Primer 101: (SEQ ID NO: 36)
5' GTTTAGTGAACCGTCAGAAT 3'

Primer 103%: (SEQ ID NO: 37)

5' TTGAGGAAGATGTTCGTGTA 3'
of factor IX)

(contains the Sspl site

A PCR reaction was conducted with primer 101 and primer
103% and plasmid DNA, cDNA clone of Factor IX (OriGene”
RC219065) as a template; as a result of the PCR amplifica-
tion, a ~1085 bp (per 10) product was formed and purified
from the gel (the fragment containing the amino terminus of
Factor IXsequence).

(SEQ ID NO: 38)
Primer 98: 5' ATTACAGTTGTCGCAGGTGA 3'

(SEQ ID NO: 39)
Primer 99%: 5' GCTGGAGCTAGTGAGCTTTGTTTTTTCCTT 3

(SEQ ID NO: 40)
Primer 100: 5' GCTCACTAGCTCCAGCAGCAAGGCC 3

(SEQ ID NO: 41)
Primer 27%: 5' TTTTCACTGCATTCTAGTTGTGG 3

Three PCR reactions were performed. The first reaction

was conducted with primer 98 and primer 99% and plasmid

DNA, cDNA clone of Factor IX (OriGene”, RC219065) as a
template; as a result of the PCR amplification, a ~540 bp
product was formed.

The second reaction was conducted with primer 100 and
primer 27% and plasmid DNA of 402-2-p72-3 (hGH-CTP-
CTP) as a template; as a result of the PCR amplification, a
~258 bp product was formed.

The last reaction (per 3) was conducted with primers 98
and 27% and a mixture of the products of the previous two
reactions as a template; as a result of the PCR amplification,
a ~790 bp product was formed and ligated into TA cloning
vector (Invitrogen, catalog K2000-01). Sspl-EcoRI fragment
was isolated (TA 3-3).

Another PCR reaction was conducted (per 12) with primer
101 and primer 27% and a mixture of the products of per 10
and Sspl-EcoRI fragment from per 3 as a template; as a result
of the PCR amplification, a ~1700 bp product was formed
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(Factor IX-ctp-ctp) and ligated into TA cloning vector (Invit-
rogen, catalog K2000-01) (lig 180).

A mistake was found in the Factor IXsequence so frag-
ments were replaced in order to form an insert of Factor
IX-ctp-ctp with the correct DNA sequence.

TA-per 3-3 was digested with Sspl and Xbal and the large
fragment was isolated (vector). TA 180-4 was digested with
Sspl and Xbal and the small fragment (insert) was isolated
and ligated to the isolated large fragment of TA-per-3-3
digested with Sspl and Xbal. The new plasmid TA-183-2 was
digated with Sal I and Notl, and the Factor IX-CTP-CTP
insert was isolated (~1575 bp). This fragment was inserted
into eukaryotic expression vector pCl-neo (digested with Sal
T and Not I) to yield the 301-2-p200-11 clone.

pCl-dhfr-Factor 9-ctpx2 (p223-4) Construction:

Vector pCI-dhfr (p6-1) was digested with Smal and Notl.
Factor IX-CTP-CTP (p200-11) was digested with ASisI F.I.
and Notl. The two fragments were ligated.

pCl-dhfr Factor 9-ctpx3 (p225-7) Construction:

Vector pCl-dhfr OXM-CTPx3 (p216-4) was digested with
Xbal and Apal. Factor IX-CTP-CTP (223-4) was digested
with Xbal and Apal. The two fragments were ligated.

pCl-dhfr Factor 9-ctpx3 T148A (p243-2) Construction:

Plasmid p225-7 contained Threonine at position 148, since
the more common version of FIX contains Alanine at this
position, Thr was replaced to Alausing site directed mutagen-
esis method.

(SEQ ID NO: 42)
Primer 75: ctceccagttcaattacaget

(SEQ ID NO: 43)
Primer 122r: ggaaaaactgcctcagcacgggtgage

(SEQ ID NO: 44)

Primer 123: gtgctgaggcagtttttectgatgtggactat

(SEQ ID NO: 45)

Primer 124r: caacacagtgggcagcag

Three PCR reactions were performed. The first reaction
was conducted with primer 75 and primer 122r and plasmid
DNA p225-7 as a template; as a result of the PCR amplifica-
tion, a~692 bp product was formed and purified from the gel.
A second PCR reaction was conducted with primer 123 and
primer 124r and plasmid DNA p225-7 as a template; as a
result of the PCR amplification, a ~237 bp product was
formed and purified from the gel. The third—overlap PCR
reaction was conducted with primers 75 and 124r, and a
mixture of the products of the previous two reactions as a
template; as a result of the PCR amplification, a ~910 bp
product was formed. This overlap PCR product was digested
with Xbal and Nsil and re ligated into p225-7 plasmid (di-
gested with Xbal and Nsil) to yield Factor IX-ctpx3 T148A
designated p243-2.

FIX-4CTP (p259-4) Construction:

3.5CTP fragment was isolated from oxym-4CTP (p254-3)
by restriction enzymes Apal and Xbal. FIX+0.5CTP frag-
ment was isolated from FIX-3CTP (p243-2) with restriction
enzymes Apal and Xbal. The two fragments were ligated.

FIX-5CTP (p260-18) Construction:

4.5CTP fragment was isolated from oxym-5CTP (255-1)
by restriction enzymes Apal and Xbal. FIX+0.5CTP frag-
ment was isolated from FIX-3CTP (p243-2) using enzymes
Apal and Xbal. The two fragments were ligated.

Dg44 cells were plated in 100 mm tissue culture dishes and
grown to 50-60% confluence. A total of 2 ug (microgram) of
FIX ¢cDNA was used for the transfection of one 100 mm plate
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using the FuGene reagent (Roche) in protein-free medium
(Invitrogene CD Dg44). The media was removed 48 hours
after transfection and replaced with a protein-free medium
(Invitrogene CD Dg44) without nucleosides and in the pres-
ence of 800 pg/ml of G418 (Neomycin). After 14 days, the
transfected cell population was transferred into T25 tissue
culture flasks, and selection continued for an additional 10-14
days until the cells began to grow as stable clones. High
expressing clones were selected. Approximately 2x107 cells
were used to inoculate 300 ml of growth medium in a 1700
cm? roller bottle (Corning, Corning N.Y.) supplemented with
5 ng/ml of Vitamin K3 (menadione sodium bisulfate; Sigma).
The production medium (harvest) was collected after a rapid
decrease in cell viability to about 70%. The production
medium was first clarified and then concentrated approxi-
mately 20-fold and dialyzed with PBS using flow filtration
cassette (10 KDa MWCO; Millipore Corp.).

Determination of FIX Antigen Level:

FIX-CTP harvest antigen levels were determined using
AssayMax Human FIX ELISA kit (AssayPro-EF1009-1).
The calculated protein concentration is the average of three
different dilutions in two independent runs (FIG. 1A, Table

1).

TABLE 1

Calculated protein concentration

FIX-CTP FIX-CTP-CTP
FIX Ag level 41.9 19.2
(pg/ml)
SD 8.76 3.67
% CV 20.92 19.15

FIX SDS-PAGE—Immune Blot:

FIX-CTP harvests or purified rhFIX (American Diagnos-
tics), 100 ng of protein, were loaded on 12% Tris-Glycine gel
using Precision Plus Dual Color Protein Marker (Bio-Rad).
The SDS-PAGE analysis was performed by Western immu-
noblot using anti-human FIX polyclonal antibody and anti-
human gamma carboxylation monoclonal antibody (Ameri-
can Diagnostics). As previously reported, rhFIX migrated at
55 KDa, while FIX fused to two CTPs migrated at 75 KDa.
Both variants of FIX-CTP proteins were shown to be gamma
carboxylated, an essential post-translation modification for
FIX activity and function (FIG. 1B).

Determination of FIX Chromogenic Activity:

A comparative assessment of the in vitro potency of FIX-
CTP harvests versus rhFIX protein (American Diagnostics)
was performed using the commercially available chromoge-
nic activity test kit, BIOPHEN (Hyphen BioMed 221802). In
the presence of thrombin, phospholipids, calcium, excess
amounts of FXIa activates sampled FIX into FIXa. FIXa
forms an enzymatic complex with thrombin, activated
FVIIIL:C (supplied in an excess amounts), phospholipids, and
calcium and activates Factor X, present in the assay system,
into FXa. The activity directly correlates with the amount of
FIX, which is the limiting factor. The generated FXa is then
measured by its specific activity on FXa chromogenic sub-
strate (pNA). The amount of pNA generated is directly pro-
portional to FIXa activity. rhFIX and FIX-CTP harvests were
serially diluted, and the potency was assessed by comparing a
dose-response curve of the FIX harvests to a reference prepa-
ration consisting of rhFIX or human plasma. The average
EC50 of FIX was 21 ng/ml, while the FIX-(CTP), harvest
calculated EC50 was 382 ng/ml, and the FIX-CTP harvest
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calculated EC50 was 1644 ng/ml. An approximately 15-fold
decrease in the enzymatic activity of the FIX-(CTP), harvest
was observed (FIG. 2).

FIX Clotting Activity (aPTT):

The activated partial thromboplastin time (aPTT) is a mea-
sure of the integrity of the intrinsic and common pathways of
the coagulation cascade. The aPTT is the time, in seconds, for
plasma to clot following the addition of an intrinsic pathway
activator, phospholipid and calcium. The aPTT reagent is
called a partial thromboplastin because tissue factor is not
included with the phospholipid as it is with the protime (PT)
reagent. The activator initiates the system and then the
remaining steps of the intrinsic pathway take place in the
presence of phospholipid. Reference aPTT range varies from
laboratory to laboratory, but is usually in the range of 27-34
seconds.

The principal of the assay was to quantitate the ability of
FIX-CTP harvests to restore the clotting activity of FIX-
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TABLE 2

FIX clotting activity

thFIX(AD) ~ PIT  FIX-CTP PTT FIX-CTP-CTP  PTT

(ng/ml) (Sec) (hg/ml)  (Sec) (ng/ml) (Sec)

5 313 9 45.2 4 475

1.25 357 225 533 1 55.9
0.3125 43 0.5625 64.1 0.25 67

0.078125 521 0.140625 763 0.0625 774

Pharmacokinetic Study:

rhFIX (American Diagnostic) and FIX-CTP harvests were
administered in a single intravenous injection to Sprague-
Dawley rats (six rats per substance) ata dose of 75 pg/kg body
weight (Table 3).

TABLE 3

PK study plan of operation

Treated Test

Groups Article

*Time-
Points
(hours
post-
dose)

Dose

Dose Level
Level  (ugper
(ng/kg)  animal)

No. of
animals/ Dose
group Route Gender

Injected
Vol.

(uD)

Con.

(ug/ml)

1 1FIX

2 1FIX-

CTP

3 1FIX-
CTP-

CTP

6 % M 75 15 500 30 O (Pre-
dose)
0.083,
0.5,
1.5,4,
8,24,
48,72.
0 (Pre-
dose)
0.083,
0.5,
1.5,4,
8,24,
48,72.
0 (Pre-
dose)
0.083,
0.5,
1.5,4,
8,24,
48,72.

75 15 500 30

75 15 1000 15

depleted human plasma by the addition of rhFIX. 300 pl of
FIX-deficient human plasma was mixed with 100 pl of thFIX
or FIX-CTP harvests and serially diluted. Following a 60
second incubation at 37° C., thromboplastin, CaCl,, and
phospholipids were added to the mixture, and clotting time in
seconds was determined (performed by American Medical
Laboratories). The potency was assessed by comparing a
dose-response curve of the FIX harvests to a reference prepa-
ration consisting of thFIX or human plasma. One unit of FIX
activity corresponds to the FIX concentration that equals the
activity of one ml normal human plasma. The presented aPTT
results indicate that FIX-(CTP), exhibit a 5.7-fold reduction
in its specific coagulation activity compared to rhFIX (Table
2). Moreover, the aPTT results together with the chromogenic
activity in vitro assay suggest that FIX-(CTP), harvest has an
improved enzymatic activity vs. FIX-CTP harvest (Table 2).
An improved activity of FIX-CTP proteins can be obtained
following optimization of the expression system (i.e.
co-transfection with Furin and optimization of Vitamin K3
medium concentration), which was strengthened following
super-transfection with Furin (data not shown).

Blood samples were drawn retro-orbitally from 3 rats alter-
nately at 0.083, 0.5 1.5, 4, 8, 24, 48, and 72 hours post-dosing.
Plasma was prepared immediately after sampling and stored
at =20° C. until analysis. FIX concentration was quantitated
by FIX ELISA-specific assay (AssayPro). A pharmacokinetic
profile was calculated for each protein and represents the
mean of 3 animals at each time point (FIG. 3). The terminal
half-lives were calculated using PK solutions 2.0 software.
Table 4 summarizes the observed FIX concentrations at the
different sampling time points.

TABLE 4
Observed FIX concentrations
Time FIX-AD FIX-CTP FIX-CTP-CTP
(Hr) (ng/ml) (ng/ml) (ng/ml)
0.083 1506.7 1477.5 1914.8
0.5 1949.8 1150.1 1830.1
1.5 2189.4 1009.0 1264.3
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TABLE 4-continued

80
TABLE 6

Observed FIX concentrations

Time FIX-AD FIX-CTP FIX-CTP-CTP
(Hr) (ng/ml) (ng/ml) (ng/ml)
4 733.90 709.33 1000.00
8 319.80 167.20 1234.67
24 BLQ 54.625 230
48 BLQ BLQ 120.9

The PK profile and summary of the terminal half-lives are
summarized in Table 5. FIX-CTP harvests exhibit an
improved TV2f3 values compared to rhFIX (2- and 5-fold
increases, respectively). Since in FIX dosing collection, ani-
mal serum concentrations of FIX at 24 hr were below limit of
quantitation (BLQ), additional PK parameters were not cal-
culated.

TABLE §

Summary of PK parameters

Terminal Ratio
Product half-life- (hr) (FIX-(CTP)x/thFIX)
thFIX (American 2.62 —
Diagnostics)
FIX-CTP 5.55 2.11
FIX-CTP 12.9 4.92

(FIX-CTP-CTP)

In this study, a novel approach was described for prolong-
ing FIX half-life while retaining the therapeutic potency.
Adding a CTP peptide to an active protein has a harmful
potential in interfering with the protein’s activity. Therefore,
the generation of an active recombinant FIX-CTP by adding
a CTP sequence at the C-terminus of the FIX is unexpected.

Characterization of an Immunoaffinity Purified
FIX-CTP-CTP

FIX-CTP-CTP Purification

In order to evaluate a protein at high grade content with
increased activity whose PK profile mimics and can be
extrapolated to a clinical setting, FIX-CTP-CTP is a FIX
modified with 2 CTP units in tandem in its carboxy-terminal.
FIX-CTP-CTP was purified using matrix-bound monoclonal
antibody against y carboxyglutamyl (Gla) residues present in
the N-terminal region of FIX (American Diagnostics Cat.
#3570MX). The monoclonal antibody was bound to
Sepharose CL-4B. The FIX-CTP-CTP harvest at a concen-
tration of 88 pg/ml was dialyzed against 20 mM Tris, 150 Mm
NaCl and 10 mM EDTA at PH=7 4. The loading rate was 0.5
ml/min, elution was performed using 20 Mm Tris-HCI, 350
mM NaCl and 50 mM CaCl, and the unbound fraction was
recycled five times. Finally, the elution fraction was dialyzed
with PBS, pulled and concentrated.

Determination of FIX Antigen Level:

FIX-CTP harvests, FIX-(CTP), harvests, and FIX-(CTP),
purified protein levels were determined using the Human FIX
ELISA kit (Affinity Biologicals; Cat. #FIX-AG RUO). The

calculated protein concentration (ig/ml) is the average of two
independent runs (FIG. 4, Table 6).
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Calculated protein concentration

FIX-CTP-CTP
FIX-CTP  FIX-CTP-CTP (purified)

FIX Ag level 125.78 88.53 172.9

(pg/ml)

SD 17.28 21.31 2.63

% CV 13.74 24.08 1.52

Additionally, FIX-CTP-CTP was quantitated by Bradford
assay. The calculated concentration was 202 pug/ml, which is
similar to the concentration obtained by human FIX ELISA.

SDS-PAGE Blots:

FIX-CTP-CTP harvest, unbound fraction and purified pro-
tein, were loaded on a 12% Tris-Glycine gel using Precision
Plus Dual Color Protein Marker (Bio-Rad). The SDS-PAGE
Coomassie analysis was performed by staining the gel with
Commasie blue reagent (800 ng of protein). A Western immu-
noblot was performed with 100 ng of protein, anti-human FIX
polyclonal antibody (Ab), and anti-human gamma carboxy-
lation monoclonal Ab (American Diagnostics Cat #499 and
#3570). The immunoaffinity purification procedure signifi-
cantly enriched the FIX-CTP-CTP portion while reduced
impurity (FIG. 5).

N-Terminal Sequencing:

FIX-CTP-CTP Purified Protein was Separated by 12%
Tris-Glycine SDS-PAGE and subsequently electro-blotted to
PVDF membrane. The band of interest was cut out and put on
a purified Biobrene treated glass fiber filter. The N-terminal
sequence analysis was carried out by Edmann degradation
using a pulsed liquid protein sequencer equipped with a 140
C HPLC micro-gradient system. N-terminal sequencing
revealed that FIX-CTP-CTP is a mixture of incomplete and
complete pro-peptide cleaved proteins. Inadequate pro-pep-
tide cleavage was shown to reduce FIX coagulation activity.
By co-transfection with Furin, the pro-peptide cleavage pro-
cess can be an improved.

Determination of FIX Chromogenic Activity:

A comparative assessment of the in vitro potency of FIX-
CTP-CTP purified protein versus rhFIX (American Diagnos-
tics) and a pool of human normal plasma was performed using
the commercially available chromogenic activity test kit,
BIOPHEN (Hyphen BioMed 221802). In the presence of
thrombin, phospholipids and calcium, excess amounts of
FXIa activates FIX into FIXa. FIXa forms an enzymatic
complex with thrombin (supplied in excess amounts), phos-
pholipids and calcium activates Factor X, present in the assay
system, into FXa. The activity directly correlates with the
amount of FIX, which is the limiting factor. The generated
FXa was measured by its specific activity on FXa chromoge-
nic substrate (pNA). The amount of pNA generated was
directly proportional to FIXa activity. rhFIX, human plasma
and FIX-CTP-CTP were serially diluted, and potency was
assessed by comparing a dose-response curve (FIG. 6). The
average EC, of rhFIX was 68.74 ng/ml while FIX-CTP-CTP
calculated EC,, was 505 ng/ml. An approximately 7-fold
decrease in the enzymatic activity of FIX-CTP-CTP was
observed vs. recombinant FIX and a 16.5-fold decrease ver-
sus normal human pulled plasma. This reduced activity could
be explained by inadequate cleavage of N-terminal pro-pep-
tide, which was identified by N-terminal analysis.

FIX Clotting Activity (aPTT):

The activated partial thromboplastin time (aPTT) is a mea-
sure of the integrity of the intrinsic and common pathways of
the coagulation cascade. The aPTT is the time (measured in
seconds) it takes plasma to clot following the addition of an
intrinsic pathway activator, phospholipid and calcium.
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The assay quantitated the ability of the FIX-CTP-CTP
protein to restore the clotting activity of FIX depleted human
plasma by the addition of rhFIX. 300 pl of FIX-deficient
human plasma was mixed with 100 pl of rhFIX, FIX-CTP-

82
TABLE 8-continued

Observed FIX concentration

_ ) : _ . FIX-CTP  FIX-(CTP), Purified
CTP (FIX-CTP-CTP (the CTP are in tandem at the C-termi- 5 Time harvest harvest hFIX FIX.CTP.CTP
nal)), or normal pool human plasma which was further (hr) ng/ml ne/ml ng/ml ng/ml
diluted. Following a 60 second incubation at 37° C., Tissue
Factor (TF), CaCl,, and phospholipids were added to the 2 304.98 673.31 186.00 503.91
mixture. Clotting time in seconds was determined Potency ‘71 i’;ifg ;;i '32 123'23 Zg;ég
was assessed by comparing a dose.-response curve of FIX- 10 10 S0.31 35073 4020 15866
CTP-CTP to a .reference preparation of rhFIX or human 24 10.07 78.50 BLQ 52.13
plasma. One unit of FIX was defined as the amount of FIX 48 BLQ 23.40 BLQ 18.07
which equals to the activity of 1 ml human normal plasma.

The aPTT results indicate that FIX-CTP-CTP coagulation .
activity is only 1.4 less than normal pool human plasma and A summary of the PK parameters are presented in Table 9.
similar to the rhFIX. The aPTT results together with the 15 TABLE 9
chromogenic activity in vitro assay suggest that FIX-CTP-

CTP purification did not damage its activity. Summary of PK parameters

Pharmacokinetic Activity of FIX-CTP-CTP: :

Purified FIX-CTP-CTP, rhFIX (American Diagnostic) and T hf 2 AES nlg— NiRT };Ii Ml/(1:1L/K
harvests containing FIX-CTP-CTP and FIX-CTP were 20 (o) o (o) miKe o
administered in a single intravenous injection to Sprague- FIX-CTP 417 3622 45 155.1 27.6
Dawley rats (eight rats per substance) in a dose of 100 ng/kg harvest
body weight (Table 7).

TABLE 7
PK study outline
No. of
animals/ Dose
group/  Dose Level Injected Time-Points
Treated time Level (ugper Vol Con. (hours post-
Groups Test Article point  (ug/kg) animal) ()] (ng/ml) dose)

A 1FIX 8 100 20 500 40 0 (Pre-dose)
0.083,0.5, 1,
2,4,7,10,24,
48,72.

B FIX-CTP 8 100 20 500 40 0 (Pre-dose)

(harvest) 0.083,0.5,1,
2,4,7,10,24,
48,72.
C  1FIX-CTP- 6 100 20 500 40 0 (Pre-dose)
CTP(harvest) 0.083,0.5, 1,
2,4,7,10,24,
48,72.
D  1FIX-CTP- 4 100 20 500 40 0.083,0.51,2,
CTP 4,7,10,24, 4,
(purified) 8,72.

Blood samples were drawn retro-orbitally from 4 rats alter- TABLE 9-continued
nately at 0.083, 0.5, 2, 4, 7 10, 24, 48, and 72 hours post-
dosing. Citrated plasma (0.32%) was prepared immediately Summary of PK parameters
after sampling and stored at -20° C. until analysis. FIX con- 50 Ths AUCng-  MRT vd oL
centration was quantitated using a human FIX ELISA kit (hr) hr/ml (hr)y mUKg MlhrKg
(Affinity Biologicals). The pharmacokinetic profile was cal-
culated for each protein as the mean of 4 animals at each time Eg‘;e(s(iTP)z 10.44 91057 12 165.4 10.9
point (FIG. 7). The terminal half-life was calculated using PK ThFIX 372 1416.8 51 3738 70.183
Solutions 2.0 Software. Table 8 summarizes the observed FIX 55 Purified 11.14 6314.2 123 2545 15.83

FIX-CTP-CTP

concentrations at different sampling time points.

TABLE 8
Observed FIX concentrations

FIX-CTP FIX-(CTP), Purified

Time harvest harvest rthFIX FIX-CTP-CTP
(hr) ng/ml ng/ml ng/ml ng/ml

0.085 1038.97 1123.62 325.05 886.48
0.5 939.12 956.80 274.58 670.92
1 791.97 843.85 222.90 674.17

60

65

The FIX-CTP-CTP harvest demonstrated an improved PK
profile compared to FIX-CTP harvest. Furthermore, purified
FIX-CTP-CTP exhibited a 3-fold increase in T%4f value and
a 4.5-fold increase in AUC compared to rhFIX.

The reduced amount of secreted FIX fused to tandem CTP
molecules versus fusion of a single CTP appears to be due to
the addition of an extra CTP and not to reduced detection by
ELISA, because the Bradford-purified FIX-CTP-CTP calcu-
lated concentration was similar to the ELISA-calculated con-
centration.
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FIX-CTP-CTP clotting activity was similar to pooled
human plasma; however, its in vitro chromogenic activity was
significantly lower when compared to rhFIX or pooled human
plasma. The chromogenic activity assay was reported as a
very sensitive assay compared to the coagulation assay. The
reason for reduced activity of FIX-CTP-CTP may vary. Addi-
tion of CTP may decrease the affinity of FIX to FXla or
reduce post-transcriptional modifications (e.g. 12-10 GLA
residues and pro-peptide cleavage). N-terminal analysis
revealed that the proteolytic cleavage of the FIX-CTP-CTP
pro-peptide was not fully completed prior to secretion. Since
this post-transcriptional modification is crucial for the normal
enzymatic activity of the protein, co-transfection with Furine-
PACE plasmid is favorable and may improve FIX-CTP-CTP
activity.

Finally, FIX-CTP-CTP comparative PK study in rats dem-
onstrated that fusion of two tandem CTPs to the C-terminal of
FIX generated a FIX with an extended half-life.

FIX Depleted Mouse Model:

In order to assess the in vivo activity, FIX knockout mice
are obtained, and a breeding colony is established. 10 pug of
either commercial recombinant hFIX (BeneFIX®) or rFIX-
(CTP), (FIX-CTP-CTP) are injected into the tail vein of an
anaesthetized FIX knockout mouse (22-28 g). The amount of
injected protein equals to the required concentration of FIX in
normal plasma (5 pg/ml). Blood samples are taken from the
clipped tail into heparinized capillary tubes at specific time
points. Plasma samples are assessed for FIX levels by ELISA
and efficacy is measured by aPTT coagulation assay.

Increasing FIX Propeptide Cleavage Efficacy:

CTP peptide cDNA was fused to the 3' end of human FIX
c¢DNA. The corresponding rFIX and Furin expressing con-
structs were co-transfected into Dg44 cells; a human rFIX
c¢DNA was also co-transfected with the Furin plasmid as a
control. Secretion of high level of FIX leads to secretion of a
mixture of pro-factor and a mature factor FIX, due to limited
amount of the Furin protease in the cell. Co-transfection of a
Furin expressing vector with a pro-factor expressing vector
increases the recovery and result in the secretion of fully
processed FIX in to the medium.

Following FIX-(CTP), and Furin co-transfection, stable
clones are generated and harvest is collected for pro-peptide
cleavage evaluation. 100 ng of protein, are loaded on 12%
Tris-Glycine gel using Precision Plus Dual Color Protein
Marker (Bio-Rad). The SDS-PAGE analysis is performed by
Western immunoblot using anti-human FIX polyclonal Ab
(American Diagnostics) and anti-pro-peptide polyclonal
antibody. As previously reported, rhFIX migrated at 55 KDa,
while FIX fused to two CTPs migrated at 75 kDa. Both
variants of FIX proteins are shown to undergo a proper, full
pro-peptide cleavage.

To determine whether proper pro-peptide cleavage
improves FIX-(CTP), enzymatic activity, a comparative
assessment of chromogenic and coagulation activity of FIX-
(CTP), harvest cotransfecated with Furin is performed. A
significant improvement in FIX-(CTP), specific activity is
observed, which is similar to rhFIX.

In conclusion, the results described herein suggest that
FIX-CTP-CTP can be used efficiently for treating Hemo-
philia B patients. FIX fused to CTP constructs benefit from
improved in vivo pharmacologic performance that over-
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comes the drawback in certain in vitro measures. This pro-
posed treatment is advantageous over previous treatments as
the rate of infusions and the amount of required doses are
reduced.

It is important to notice that when an albumin-fused mol-
ecule strategy was used to improve the FIX half-life, the
recombinant FIX became inactive. The present novel
approach lead to the design and purification of a novel recom-
binant FIX-fused protein that presents an improved long-
lasting activity. Since mere size modifications did not
improve the pharmacokinetics of injected FIX, the finding
that CTP fused to FIX facilitates pharmacokinetic parameters
was unexpected. The presence of highly glycosylated pep-
tide-sialic acid residues stabilized the protein and protected it
from interactions with vascular receptors without abrogating
key determinants of FIX function.

FIX-CTP has a similar therapeutic efficacy to rFIX in
hemophilia B patients and required less frequent dosing. A
single injection of FIX-CTP is sufficient to control bleeding
episodes and reduce the number of injections that are needed
during surgical intervention in hemophilia B patients.

The CTP technology was utilized for the development of a
long-acting FIX. Specifically, extending the half-life of
recombinant rFIX molecule was performed by fusion of at
least one human CTP to FIX. The recombinant FIX-CTP was
expressed in mammalian cells and characterized in vitro and
in vivo. It was demonstrated that the in vitro activity of rFIX-
CTP was comparable to rFIX. Pharmacokinetics and efficacy
studies in rats demonstrated improved properties of the rFIX-
CTP. The results of this study demonstrate that it is feasible to
develop a half-life extended rFIX molecule having similar
haemostatic properties to the wild type enzyme.

Example 2

Comparative Assessment of Purified FIX-CTP; Vs.
FIX-CTP, and FIX-CTP;

2.1 Study Objective

A comparative assessment of the pharmacokinetic param-
eters of FIX-CTP, and FIX-CTP; versus FIX-CTP; follow-
ing a partial purification process.

2.2 Production of FIX-CTP, and FIX-CTP; Harvests

FIX ¢cDNA (OriGene RC219065) fused at the C-terminal
to four or five tandem CTP sequences was expressed in Dgd4
cells using Excellgene expression system in the presence of
10 ng/LL of vitamin K3 (Sigma, Mennadion). The harvests
were collected (300 ml), filtered and frozen.

2.3 Production of FIX-CTP; Harvest

FIX-CTP; was expressed in-house in CHO cells using
pCI-DHER vector, clone 196, BR-9 in the presence of 25 ng/LL
of vitamin K3 (Sigma). The harvests were collected and fil-
tered.

All FIX-CTP samples (3, 4 and 5 CTP) were purified only
by Jacalin column because of a lack of material.

2.4 Determination of FIX Antigen Level

FIX antigen level was determined using Human FIX
ELISA kit (Affinity Biologicals; Cat. #FIX-AG RUO). The
calculated protein concentration is the average of four inde-
pendent runs. FIX-CTP; concentration was slightly higher as
compared to the two additional versions (Table 10).
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TABLE 10
FIX antigen level

3CTP 4 CTP 5CTP

Final Final Final
Jacalin40 Jacalin40 Jacalin40
Av. (ng/ml) 1016.69 4644.11 1686.82
SD 225.41 925.63 160.07
% CV 22.17 19.93 9.49

2.5 FIX-CTP Coomassie Stain and Immune-Blot

FIX-CTP;, FIX-CTP,, and FIX-CTP5 harvests were
loaded on 12% Tris-Glycine gel using Precision Plus Dual
Color Protein Marker (Bio-Rad). The SDS-PAGE analysis
was performed by Western immuno-blot using anti-CTP
polyclonal Ab (Adar Biotech Production) or anti-Gla Ab
(American Diagnostica).

As previously reported, FIX fused to three CTPs migrated

at 80kDa while FIX fused to four or five CTPs migrated at 85 20

KDa or 90 KDa, respectively. As expected, FIX-CTP, and
FIX-CTP; harvests from Excellgene showed very low levels

86

propriate quantitation capabilities of the FIX ELISA due to
CTP masking of the antigen site.

TABLE 11
5
Sample/plasma EC50 ratio
Sample/plasma

Sample IC50 ratio
10 Plasma 1

3 CTP Final HA 2

4 CTP Final HA 5.35

5 CTP Final HA 2.73
s 2.7 Pharmacokinetic Study

Jacalin-purified FIX-CTP;, FIX-CTP,, and FIX-CTPs
(Group A, B and C, respectively) were administered in a
single intravenous injection to Sprague-Dawley rats (six rats
per treatment group) at a dose of 250 pg/kg body weight.
Blood samples were drawn retro-orbitally from 3 rats alter-
nately at0.083,0.5 2, 5, 8, 24, 48, 72 and 96 hours post-dosing
(Table 12). Citrated plasma (0.38%) was prepared immedi-
ately after sampling and stored at —20° C. until analysis.

TABLE 12

PK study plan of operation

Dose
No. of Level Injected

Treatment animals/ Dose (ugper Vol Cone. Time-Points
Group Treatment  group Route animal) ()] (ng/ml) (hr post-dose)

A

FIX- 6 v 50 200 250 0.083,0.5,2,5,
CTP*3 8,24,48,72,96
Jacalin

40

FIX- 6 v 50 200 250 0.083,0.5,2,5,
CTP*4 8,24,48,72,96
Jacalin

40

FIX- 6 v 50 200 250 0.083,0.5,2,5,
CTP*5 8,24,48,72,96
Jacalin

40

of gamma carboxylation compared to FIX-CTP; harvest,
which was produced at Prolor (FIG. 8).

After a purification process utilizing Jacalin column (im-
munoaffinity purification of glycosylated proteins), FIX-
CTP;, FIX-CTP,, and FIX-CTP, were loaded on 12% Tris-
Glycine gel using Precision Plus Dual Color Protein Marker
(Bio-Rad). The SDS-PAGE was stained by Coomassie blue
Dye for samples detection. All variants showed much cleaner
band profiles (FIG. 9), suggesting an improved purity.

2.6 Determination of FIX Chromogenic Activity

A comparative assessment of the in vitro potency of fully
purified (HA column) FIX-CTP;, FIX-CTP,, and FIX-CTP4
versus human pool normal plasma was performed using a
commercially available chromogenic activity test Kkit,
BIOPHEN (Hyphen BioMed 221802). All samples were seri-
ally diluted, and the potency was assessed by comparing a
dose-response curve to a reference preparation of normal
human plasma. The reduced chromogenic activity of FIX-
CTP, and FIX-CTP4 (FIG. 10) as compared to plasma can be
a consequence of improper post-transcriptional modifica-
tions of FIX proteins, e.g. inappropriate gamma carboxyla-
tion and pro-peptide cleavage or, alternatively, due to the
addition of CTP cassettes. The fluctuation in the FIX-CTP,
and FIX-CTP; activity (Table 11) might be caused by inap-

FIX concentration in plasma samples were quantified
using human FIX ELISA kits (Affinity Biologicals). The
pharmacokinetic profile was calculated and is the mean of 3
animals at each time point. Terminal half-lives were calcu-
lated using PK Solutions 2.0 Software. Table 13 below sum-
marizes the calculated FIX concentrations at the different
sampling time points.
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TABLE 13

Calculated FIX concentrations

55 Time Av.3CTP SD3 Av.4CTP SD4 Av.5CTP SD5
(hr) ng/ml CTP ng/ml CTP ng/ml CTP

0.083  1087.82 72.39 904.54 21.06 1097.23 82.24

0.5 774.18 86.31 736.82 66.93 998.79 70.43
2 562.23 3.70 627.09 3247 747.85 14.02
5 357.44 8.63 431.23 29.41 576.49 27.36
60 8 239.20 7.82 327.46 30.26 394.96 36.48
24 77.08 4.26 107.38 5.18 142.42 16.13
48 27.73 2.02 39.83 1.85 53.66 3.33
72 12.55 1.48 21.53 1.55 23.54 3.32
96 6.66 1.23 10.63 0.13 18.54 3.39
65

The PK profile and a summary of the PK parameters are
presented in Table 14 below and in FIG. 11. A full PK analysis
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profile at all time points suggested that addition of 4 or 5 CTP
cassettes to FIX did not increase its half-life as compared to
FIX-CTP;. The AUC following FIX-CTPs administration
increased by 1.4-to 1.6-fold versus FIX-CTP,, which was not
statistically significant.

TABLE 14

PK profile and a summary of the PK parameters

24-96 hr 3CTP 4CTP 5CTP

Half-life (hr) 2043 22.02 23.96
AUC (ng-hr/ml) 8218.38 10504.49 13329.41
Vd (ml/kg) 700.76 586.02 494.89
CL (ml/hr/kg) 23.77 18.45 14.32

Since 96 hr post-dosing samples were shown to have very
low FIX concentrations, which were at the lower limit of
quantification of the assay, the terminal half-life was recalcu-
lated providing a more precise and scientifically appropriate
calculation (Table 15). According to this calculation, even
smaller differences were obtained between the half-life of
FIX-CTP;, FIX-CTP,, and FIX-CTP;.

TABLE 15
Recalculated terminal half-life
8-72 hr 3 CTP 4 CTP 5 CTP
Half-life (hr) 15.38 16.63 16.04

2.8 Conclusions:

In this study, the pharmacokinetic parameters and potential
clotting activity of FIX-CTP,, FIX-CTP,, and FIX-CTP,
were assessed. Fusion of 4 and 5 CTPs to FIX did not provide
a superior or improved half-life extension, as compared to
FIX-CTP;, and reduced chromogenic activity was observed.
Table 16 below summarizes the percent improvement of half-
life for the different FIX-CTP fused variants (1 to 5 CTPs).
Fusion of CTP to FIX improved its pharmacokinetic behav-
ior, but, unpredictably, this improvement was limited. Sur-
prisingly, following fusion 03,4 or 5 CTPs intandem to FIX,
a similar half-life value was calculated.

TABLE 16

Summary of the percent improvement of half-life

TY (8-72 hr)

FIX Version % increase
thFIX vs. 1CTP 112
1CTP vs. 2CTP 141
2CTP vs. 3CTP 37
3CTP vs. 4CTP 6
4CTP vs. 5CTP 0

These data suggest that fusion of 3 CTPs to FIX produces
a maximal improvement in protein half-life, confirming that
FIX-CTP; is the optimal variant in terms of half-life, structure
and potential clotting activity for further clinical develop-
ment.

Example 3

Fix-CTP; Treatment of FIX~/- Hemophilic Mouse
Model

As described above, a study testing FIX-CTP, FIX-CTP,
and FIX-CTP; harvest PK profile and coagulation activity vs.
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rhFIX was conducted. FIX-CTP; exhibited an improved PK
profile while maintaining its coagulation activity vs. FIX-
CTP, and FIX-CTP, harvests or rhFIX. To further evaluate
this result, FIX-CTP; y-Carboxyglutamate protein was puri-
fied. FIX-CTP, exhibits a 3-fold increase in half-life and
4.5-fold higher AUC compared to rhFIX in normal rats fol-
lowing a single IV administration. FIX-CTP; demonstrated a
reduced in vitro chromogenic and clotting activity, most
likely due to insufficient cleavage of N-terminal pro-peptide
and in appropriate post-transcriptional modifications
(PTMs), such as appropriate gamma carboxylation.

In the current study, the pharmacokinetic and pharmaco-
dynamic properties of human recombinant FIX fused to three
tandem CTPs were tested in FIX-deficient mice.

Study Purpose:

To determine the pharmacokinetic and pharmacodynamic
parameters of rFIX-(CTP); vs. commercial rhFIX (Ben-
eFIX®) in FIX-deficient mice following a single IV admin-
istration of FIX-(CTP), at a similar specific activity and dose
(similar specific activity to PD and similar FIX constant for
PK).

Production of FIX-CTP; Harvest:

FIX ¢DNA (OriGene RC219065-Thr 148) fused at the
C-terminal to three tandem CTP sequences was expressed in
Dg44 cells using Excellgene expressing system in the pres-
ence of 25 ng/ml of Vitamin K3 (Sigma, Mennadion). Five
separate batches containing 5 liters of cell suspension was
cultured (total of twenty-five liters) and harvested following
viability decline to 60-70%. The harvest was filtered and
frozen at -70° C.

Determination of Harvest FIX Antigen Level:

Harvest FIX antigen level was determined using a human
FIX ELISA kit (Affinity Biologicals; Cat. #FIX-AG RUO).
The antigen level was calculated per each batch. The FIX
concentration was maintained through the different batches
(Table 17).

TABLE 17

FIX antigen level

FIX antigen level

Batch #1 Bat #2 Bat #3
Av (ug/ml) 28.81 32.74 429
STD 2.5 2.69 4.0
% CV 3.84 8.38.2 9.4

FIX-CTP; Purification Process:

Following a short purification study, a purification process
using the following 3 columns was performed: DEAE
Sepharose, Heparin Sepharose and HA Bio Rad Ceramic
Hydroxyapatite type 1 (40 um), FIX-CTP,. y-carboxylated
enriched protein was purified. In brief: Five liters of clarified
harvest was thawed at 4° C. over a 4 day period. For each
purification batch, the clarified harvest (2 liters) was concen-
trated 4-fold and dialyzed against 20 mM Tris-HCI1 pH 8.2
using a disposable hollow fiber cartridge with a nominal
molecular weight cutoff size of 10 KDa. This process
(UFDF1) was performed twice, and one liter of UFDF1 was
loaded on DEAE Sepharose column, and Factor IX was
eluted with 20 mM Tris-HCI, 200 mM NaCl, 10 mM CaCl,
pH 8.2. The product was diluted 1:1 with 20 mM Tris-HCI, 10
mM CaCl, pH 7.5, and the pH was adjusted to 7.5 before
loading on Heparin Sepharose column. The elution was per-
formed with 20 mM Tris-HCI, 300 mM NaCl, and 10 mM
CaCl, pH 7.5. The eluted product was concentrated and dia-



US 9,249,407 B2

89

lyzed against 10 mM phosphate pH 6.8 using a Pellicon XL
cassette 10 KDa cutoff membrane (UFDF2). The product was
loaded on an HA column, and the activated fraction of Factor
IX was eluted with 150 mM phosphate pH 6.8. The purifica-
tion product was concentrated to a target concentration of 2
mg/ml and dialyzed against TBS pH 7.45, divided in aliquots
and stored at —70° C.

The purification process was repeated five times, on a
weekly basis in order to purify the total volume (25 liters).
The purification processes were named HA#6-10. Each puri-
fication product was separately evaluated (App #1-5). At the
end of the purification process, the different batches were
pooled and further concentrated to a target concentration of 4
mg/ml.

FIX-CTP; Analytical Properties:

Determination of FIX Antigen Level

FIX-CTP; y-carboxylated enriched protein antigen level
was determined using a human FIX ELISA kit (Affinity Bio-
logicals; Cat. #FIX-AG RUO). The calculated protein con-
centration is the average of two independent runs (Table 18).

TABLE 18
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FIX-CTP; Clotting Activity:

FIX-CTP; Chromogenic Activity:

A comparative assessment of the in vitro potency of FIX-
CTP, harvestand FIX-CTP, y-carboxylated enriched protein,
versus human pool normal plasma was performed using a
commercially available chromogenic activity test Kkit,
BIOPHEN (Hyphen BioMed 221802). FIX-CTP; harvest
and protein were serially diluted, and the potency was
assessed by comparing a dose-response curve to a reference
preparation consisting of normal human plasma. As previ-
ously demonstrated, FIX-CTP; harvest was 50 times less
active then human pool plasma (Table 19, FIG. 13). Follow-
ing FIX-CTP; purification, the chromogenic activity was sig-
nificantly improved and was only 4.72 times less active then
human pool plasma (Table 19, FIG. 13). Harvest reduced
chromogenic activity can be a consequence of improper post-
transcriptional modifications of FIX protein variants, e.g.
inappropriate gamma carboxylation and pro-peptide cleav-

FIX-CTP; antigen level

FIX-CTP; HA purified pool ELISA #1 FIX-CTP; HA purified pool-ELISA #2 Final
Dil. 1 2 Av. Dil. 1 2 Av. Av.
130000 3412240 3781830 3597035 130000 3692260 3568240 3630250 3613643
260000 3915600 4158440 4037020 260000 3706820 3595540 3651180 3844100
520000 4158544 4334096 4246320 520000 3831464 3530748 3681106 3963713
1040000 4096352 4004104 4050228 1040000 3863392 3684304 3773848 3912038

Av. 3895684 4069618 3982651 Av. 3773484 3594708 3684096 3833373
(ng/ml) (ng/ml)
STD 338367.5 234486.7 274313.5 STD 86576.66  65369.65 63369.86 154459.6
% CV 8.685703 5761884  6.887712 % CV 2.294343  1.818497 1.720092  4.029338
Av. 3.895684 4.069618 3.982651 Av. 3773484 3.594708 3.684096  3.833373
(mg/ml) (mg/ml)
130000 3412240 3781830 3597035 130000 3692260 3568240 3630250 3613643
260000 3915600 4158440 4037020 260000 3706820 3595540 3651180 3844100
520000 4158544 4334096 4246320 520000 3831464 3530748 3681106 3963713
1040000 4096352 4004104 4050228 1040000 3863392 3684304 3773848 3912038
Av. 3895684 4069618 3982651 Av. 3773484 3594708 3684096 3833373
(ng/ml) (ng/ml)
STD 338367.5 234486.7 274313.5 STD 86576.66  65369.65 63369.86 154459.6
% CV 8.685703 5761884  6.887712 % CV 2.294343  1.818497 1.720092  4.029338
Av. 3.895684 4.069618 3.982651 Av. 3773484 3.594708 3.684096  3.833373
(mg/ml) (mg/ml)
45

SDS-PAGE Blots:

FIX-CTP; y-carboxylated enriched protein, rhFIX and
rFIXa (activated FIX) were loaded on 12% Tris-Glycine gel
using Precision Plus Dual Color Protein Marker (Bio-Rad).
The SDS-PAGE Coomassie analysis was performed by stain-
ing the gel with Coomassie blue reagent (800 ng of protein)
(FIG. 12). A Western immunoblot was performed using 100
ng of protein with anti-human FIX polyclonal Ab (FIG. 12B),
anti-human gamma carboxylation monoclonal antibody
(American Diagnostics Cat #499,3570) (FIG. 12C), anti-FIX
pro-peptide polyclonal Ab (FIG. 12D), and anti-CTP poly-
clonal Ab (FIG. 12E). As previously reported, FIX-CTP,
migrated at 75 KDa.

The purification procedure significantly enriched FIX-
CTP; portion while reducing impurities. The purification pro-
cess yield was very low ranging around 2-3% (data not
shown) due to the requirement to collect only the y-carboxy-
lated FIX-CTP; fractions, as demonstrated in the anti-Gla
immunoblot (FIG. 12B). Based on the Coomassie and FIX
immunoblot, the FIX-CTP; portion is only around 60-70%,
and additional lower molecular weight bands, presumably
with lower glycosylation forms, were also detected.
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age. Following purification and enrichment of the FIX-CTP,
y-carboxylated fraction, the activity was improved, demon-
strating the important contribution of y-carboxylation to FIX
activity.

TABLE 19

FIX-CTP; chromogenic activity

ECsq Sample/plasma
Sample (ng/ml) ECs, ratio
FIX-CTP; Harvest 741.3 544
Pur. FIX-CTP, 64.6 4.72
Plasma 13.63 1

One Stage Clotting Assay (aPTT):

The activated partial thromboplastin time (aPTT) is a mea-
sure of the integrity of the intrinsic and common pathways of
the coagulation cascade. The aPTT is the time, in seconds, for
plasma to clot following the addition of an intrinsic pathway
activator, phospholipid and calcium. The principal of the
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assay was to quantitate the ability of FIX-CTP; to restore the
clotting activity of FIX-depleted human plasma by the addi-
tion of rhFIX. 200 ul of FIX-deficient human plasma was
mixed with 25 ug/ml of FIX-CTP; and further diluted in TBS.
Following a 60 second incubation at 37° C., 50 ul of PTT
activator (Actin FS) and 50 pl of calcium 25 mM were added
to the mixture, and the clotting time in seconds was deter-
mined using a Sysmex® CA 1500 Coagulator (performed by
Sheba hospital, National Coagulation Center using validated
aPTT assay). The potency was assessed by comparison of
FIX-CTP; to the dose-response curve of a reference prepara-
tion of normal human pool plasma. The results are expressed
in percent of activity interpolated from the standard curve
covering FIX levels of <1-110%. FIX-CTP, exhibited a
15-20-fold reduction in its coagulation activity versus normal
human pool plasma since the activity at 5 pg/ml, which is the
normal value of FIX in the body, was shown to be 6.5% (Table
20).

TABLE 20

FIX-CTP; clotting activity

FIX Concentration FIX % of activity
Concentration in tested (normalized to
by provider sample human normal
(mg/ml) (ng/ml) pool plasma)
FIX-CTP, 3.83 25 347
5 6.5

FIX-CTP; also exhibited increased clotting time compared
to BeneFIX® (Table 21 and FIG. 14).

TABLE 21
Comparative clotting time (aPTT)
Clotting time
FIX-CTP, BeneFIX ®
38 ug/ml 77.6
19 ug/ml 83.4
7.6 ug/ml 93.2 50.6
3.8 ug/ml 104.8 57.6
1.9 ug/ml 112.2 63.7
0.95 ug/ml 122.6 71.5
0.475 ug/ml 83.7
0.238 ug/ml 94.3

An additional clotting assay was performed independently
in FIX-deficient mice by Dr. Paul Monahan at University of
North Carolina prior to the initiation of the PK-PD study. The
aPTT results suggested that FIX-CTP, coagulation activity is
40 times less than normal pooled human plasma as demon-
strated by the longer period (as measured in seconds) and
higher concentration that are required for proper clotting
activity (Table 22).

TABLE 22

Comparative clotting activity
FIX activity (Units)

FIX-CTP, BeneFIX ®
38 ug/ml 13.9
19 ug/ml 8.8
7.6 ug/ml 4 116.8
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TABLE 22-continued

Comparative clotting activity
FIX activity (Units)

FIX-CTP, BeneFIX ®
3.8 ug/ml 1.6 67.4
1.9 ug/ml 0.9 41.7
0.95 ug/ml 9.4 224
0.475 ug/ml 8.5
0.238 ug/ml 3.7

The specific activity (u/ml), which was based on FIX anti-
gen level as calculated by ELISA for FIX-CTP; and Ben-
eFIX®, was 4.46 and 198.9 respectively.

The inconsistency in the calculated FIX-CTP; activity as
demonstrated in the chromogenic vs. aPTT assays can be
explained by the superior sensitivity of the aPTT assay and in
vivo relevance. In the chromogenic activity assay, an excess
amount of reagents and enzymes are present which can acti-
vate less potent FIX versions. The difference in the FIX-CTP
specific activity values can be explained by the use of differ-
ent reagents and automated machines. The activity value as
calculated at University of North Carolina was used for the
PK-PD study design.

FIXa Protein Detection:

In order to confirm that following the purification process,
FIX activation (FIXa) did not occur, a FIXa detection assay
was performed using FIXa Biophen Chromogenic Assay
(Cat. #Ref 221812). The assay measures the amount of F1Xa
present in a specific sample using the chromogenic activity
cascade, as previously described. FIX-CTP, and rhFIX were
diluted and FIXa levels were evaluated. FIX-CTP, wasn’t
activated through purification or storage (Table 23).

TABLE 23

FIXa detection
Sample FIX-CTP; rhFIX
Initial Con. (mg/ml) 1000 5.7
rFIXa (mg/ml) BLQ 0.00487
% FIXa in sample BLQ 0.085

FIX-CTP, PK-PD Study:

FIX-CTP; and rhFIX (BeneFIX®) were administered in a
single intravenous injection to C57BI FIX-deficient mice in a
dose of 625 nug/kg body weight containing 100 IU FIX/kg
body weight. Blood samples were drawn retro-orbitally from
3 mice alternately at 0.25, 4, 24, 48, 72, and 96 hours post-
dosing. Citrated plasma (0.32%) was prepared immediately
after sampling and stored at -20° C. until analysis. hFIX
antigen level was evaluated, and a detailed PK analysis was
performed. In order to evaluate the ability of FIX-CTP; to
elongate the clotting activity of FIX-deficient animals com-
pared to BeneFIX®, FIX activity in citrated plasma samples,
collected from the FIX~/- treated mice, was calculated using
an automated FIX activity assay (Table 24).
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TABLE 24
Study outline
Collection
# Points (hr Required
Product Administration Dose mice post-dosing) amount
**Cohort1  FIX-CTP, Single 100 IU/Kg 12 0.25,1,4,8,16, 6636 g
dose: 2.5 IU/mouse mice, 24,48
v (553 pg/mouse)
Cohort 2 FIX-CTP, Single **472 ng/Kg 18 *0.25,1%, 4%, 8%, 200 ug
dose: 12.57 pg/mouse  mice 16*, 24%, 12.57 pg/mouse
v 48%, 72*, 96*
**Cohort3 BeneFIX ®  Single 100 IU/Kg 18 0.25,1,4,8,16, 2263 g
dose: 2.5 IU/mouse mice, 24,48,%72,*96  12.57 pg/mouse
v

*PK collection points only
**Tail vein bleeding at T = 48 post-dosing; cohorts | & 3

FIX-CTP, Pharmacokinetic Profile in FIX~"~ Mice
FIX concentration was quantitated using human FIX

samples, were evaluated for their clotting activity by aPTT
assay, which was translated to % activity. The % activity at

20
ELISA kits (Affinity Biologicals; Cat. #F1X-AG RUO). The each collection point was calculated as the current clotting
pharmacokinetic profile was calculated for each protein and time/clotting time of normal pool mice plasma*100. Table 27
is the mean of three animals at each time point. Table 25 summarizes the activity values following administration of
below and FIG. 15 summarize the calculated FIX concentra- either BeI}eFIX® or FIX-CTI.’3.. ) o )
tions at the different sampling time points for Cohorts 1 & 3. 25 Following FIX-CTP; administration, significant clotting
The PK profile and a summary of the PK parameters are activity was detected one hour after administration reaching
presented below (Tables 26 & 27). A PK analysis was also 9.6% activij[y. at four hours post-dosing, while BeneFIX®
performed for Cohort #2 in order to verify exposure (datanot ~ highest activity value was 40% (Table 27, FIG. 16). FIX-
shown). CTP; clotting activity was maintained for a longer period of
3o time, demonstrating elongated activity. Clotting activity for
TABLE 25 the BeneFIX®-treated mice was undetectable at time points
later than 36 hours, while FIX-CTP,-treated mice continued
FIX concentration to retain measurable activity at 72 hours post-dosing (Table
- FIX.CTP BencFIX ® 27, FIG. 16). Analysis of the % clotting pharmacokinetic
. Oillij(;r) ng_ ol el;;ml 35 profile suggest that FIX-CTP; clotting activity is maintained
for a significantly longer period and its half-life is almost
0.25 3645.397 2823.023 2-fold higher than Benefix® (Table 28).
1 2411.09 2416.248
4 1703.205 1506.228
8 1139.736 864.764 TABLE 27
16 415.32 347.465 40
24 238.37 158.7973 FIX % of activity
36 141.0105 94.40067
48 95.461 42.28833 BeneFIX ® FIX-CTP;
72 76.90953 11.87567 Hr post-dosing % of activity % of activity
96 24.955 BLQ
0.25 39.9 1.0
45 1 334 15.5
A two-compartmental module was used (WinLin software) 4 249 93.6
to determine AUCO-inf, T,,,,.;,..; and clearance (CL). The PK 1§ }g'g gg'é
parameters are described below in Table 26. 24 17 119
36 1.4 11.0
TABLE 26 50 48 <1 4.6
72 <1 14
PK properties
FIX T¥a TY¥:p  AUC CL  MRT Vss
Version (1/hr) (I/hr)  ng/ml * hr mUKg/hr (hr) (mUKg) TABLE 28
55
BeneFIX ® 3.4 12.7 22428 29 115 3208 Clotting Activity
FIX-CTP, 4 28.7 31770 19 22 4252
TYsa T B
. FIX Version (1/hr) (1/hr)
The addition of the three CTP “cassettes” to rhFIX elon-
gated FIX half-life in vivo by at least 2.5-fold. AUC following 60 BeneFIX ® 57 -
in vivo FIX-CTP; administration increased 2-fold versus FIX-CTP, 73 16
rhFIX. FIX-CTP;-injected mice demonstrated an improved
PK profile compared to BeneFIX®-injected mice. 9.3 FIX-Deficient Mice Bleeding Challenge
FIX-CTP; Pharmacodynamic Profile in FIX-Deficient FIX-deficient mice were administered a single intravenous
Mice: 65 injection of 100 IU/kg of BeneFIX® or rFIX-CTP;. The tail

In parallel to PK sampling, FIX-deficient animals admin-
istered with either BeneFIX® or FIX-CTP;, citrated plasma

vein was slightly clipped 48 hours post-dosing, and tail vein
bleeding time (TVBT) and bleeding intensity (hemoglobin
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OD) were evaluated. A second bleeding challenge was per-
formed 15 minutes after reaching homeostasis, and the same
parameters were measured. Following the first bleeding chal-
lenge, FIX-CTP;-administered animals’ bleeding was sig-
nificantly less intense then BeneFIX® bleeding as demon-
strated by the Hemoglobin OD values (FIG. 17).

Since it was previously reported that during the first bleed-
ing challenge in hemophilic mice, the bleeding time does not
necessarily correlate with treatment efficacy, it is recom-
mended to evaluate the homeostasis following additional
bleeding. Once the first bleeding was spontaneously or manu-
ally stopped, a second bleeding challenge was performed 15
minutes following the first one, and the time and bleeding
intensity were re-measured. During the second bleeding epi-
sode FIX-CTP;-administered animals had reduced bleeding
time and intensity, demonstrating that FIX-CTP; was potent
at a later time points (FIG. 18).

Finally, the animals were further observed for the 12 hours
following the second bleeding challenge, and all recurring
bleeding events were documented. FIX-CTP;-administered
animals were able to maintain blood homeostasis for the next
12 hours with no re-occurring bleeding events. In contrast,
50% of BeneFIX®-treated mice had spontaneous bleeding

episodes from the tail (Table 29).
TABLE 29
Outcome 12 hours after tail transection

Delayed Death or Distress
Mouse group rebleeding Requiring Futhanasia
FIX-CTP, 0/5 (0%) o5
(100 TU/kg)
BeneFIX ® 3/6 (50%) 0/6
(100 TU/kg)
FIX-/- 5/6 (100%) /6
(untreated)

Recombinant FIX-CTP;, a fusion protein comprised of a
single molecule of FIX fused to three CTP “cassettes” in
tandem was developed to address the short half-life of cur-
rently available FIX products used to treat patients with
hemophilia B. We have demonstrated that the elimination
half-life of rFIX-CTP; was consistently 2.5- to 4-fold longer
than rFIX in rats (as previously reported) and in FIX-deficient
mice.

Without being bound by theory, the fusion protein reduces
clearance of FIX and protects FIX from protease activity,
degradation by masking and reduces the affinity of FIX for
hepatic receptors. Taken together these characteristics of the
CTP domain extend the half-life of FIX.

In addition to pharmacokinetic analysis of fFIX-CTP;, we
examined the pharmacodynamic properties of FIX-CTP; in
FIX-deficient mice. rFIX-CTP; and rFIX, were administered
at comparable doses (in units) to compensate for the clotting
deficiency levels in FIX-deficient mice. However, the effect
of rFIX-CTP; in FIX-deficient mice was significantly pro-
longed to at least 76 hr after dosing, reaching a higher activity
peak. FIX-CTP; clotting activity began after a 1-hour delay
compared to BeneFIX®. FIX activation may be required
since the addition of three tandem CTPs might theoretically
mask the activation site and delay cascade onset. Following
FIX-CTP; administration, a 100% peak activity was
observed, while BeneFIX® activity was only 40%. The supe-
rior initial activity is a very important parameter and demon-
strates that addition of 3 CTPs has the potential to improve
recovery.
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Prophylactic FIX replacement therapy for patients with
hemophilia B aims to maintain plasma levels of 1-2% normal
clotting activity. The tail vein bleeding assay is a sensitive in
vivo test that measures the ability to maintain bleeding
homeostasis at low activity values mimicking human bleed-
ing homeostasis model. In response to tail vein bleeding
challenge 48 hours post-dosing, rFIX-CTP,-administered
animals maintained blood homeostasis with shorter and less
severe bleeding episodes, demonstrating sustained clotting
activity.

FIX is a complex protein that contains a number of func-
tional domains which undergo extensive post-translational
modifications. One of the essential post-translational modifi-
cations for FIX activity is gamma-carboxylation of the first 12
glutamic acids in the Gla domain by vitamin K-dependent
y-glutamyl carboxylase. This modification facilitates the
binding of FIX to phospholipid membranes and, thus, is criti-
cal to its function. FIX that is not gamma-carboxylated is not
functional, and hence gamma-carboxylation is a rate-limiting
step.

This PK-PD study was conducted using transiently trans-
fected cells. An extensive analytical evaluation of post-trans-
lational modifications is performed on the stable FIX-CTP,
protein produced and secreted from stable optimized clone.

Based on the presented data, FIX-CTP; coagulation factor
has the potential to reduce the frequency of injections in
patients receiving routine prophylactic doses of FIX replace-
ment therapy. It is anticipated that rFIX-CTP, can confer
prolonged protection from bleeding following each dose of
factor, decrease the overall units of factor needed to treat
bleeding episodes, and/or maintain adequate hemostasis dur-
ing surgical procedures with fewer injections.

Example 4

Generation and Utilization of Coagulation Factor
FvIl

A long-acting version of activated Factor VII (FVIla)
coagulation factor will be useful for the treatment of patients
with hemophilia A and B. FVIIa-CTP; recombinant protein
has the clinical potential to improve the treatment of hemo-
philia patients by reducing the frequency of infusions and
even by reducing the drug load, enabling a prophylactic treat-
ment approach which can significantly improves a patient’s
quality of life, avoid spontaneous bleeding episodes and
accumulated damage to the joint and other organs.

The generation of a recombinant FVIIa-CTP molecule
with an extended half-life based on fusion of FVII to a human
CTP is described herein. The recombinant FVIIa-CTP was
expressed in mammalian cells and characterized in vitro and
in vivo. It was demonstrated that rFVII-CTP activity was
comparable to rFVIIL. Pharmacokinetic and efficacy studies in
rats demonstrated improved properties of rFVII-CTP. The
results of this study demonstrated that it is feasible to develop
a half-life extended rFVIIa molecule with very similar hae-
mostatic properties to the wild-type enzyme.

Cloning and Expression of Recombinant FVII Molecule:

Several Factor VII clones were constructed in our eukary-
otic expression vector (pCI-dhfrr) (FIG. 19). Human MGC
verified FL. cDNA clone (IRCM) containing the sequence of
homo sapiens coagulation Factor VII was ordered from
“Open Biosystems” (OB-MHS4426). The following primers
were synthesized by Sigma-Genosys in the following
sequence: Primer 67: SSCTCGAGGACATGGTCTCCCAG-
GCCC3' (contains the 5' end of Factor VII DNA and the
restriction site of XhoI) (SEQ ID NO: 5); Primer 68%: 5'
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TCTAGAATAGGTATTTTTCCACATG3' (contains the
restriction site of Xbal) (SEQ ID NO: 6); Primer 69: 5' TCTA-
GAAAAAAGAAATGCCAGC3' (contains the restriction
site of Xbal) (SEQ ID NO: 7); and Primer 70%: 5'GCGGC-
CGCATCCTCAGGGAAATGGGGCTCGCA3'  (contains
the 3' end of Factor VII DNA and the restriction site of Notl)
(SEQ ID NO: 8).

Cloning was performed in two sets of PCR reactions. The
first reaction was conducted with primer 67 and primer 68%
using a cDNA plasmid with the Factor VII sequence (OB-
MHS4426) as a template; as a result of the PCR amplification,
a~534 bp product was formed, isolated and ligated into a TA
cloning vector (Invitrogen, Catalog No: K2000-01). A Xhol-
Xbal fragment containing the amino terminus of the Factor
VII sequence was isolated. The second reaction was con-
ducted with primer 69 and primer 707 and again, a cDNA
plasmid with the Factor VII sequence (OB-MHS4426) was
used as a template. As a result of the PCR amplification, a
~813 bp product was formed and ligated into TA cloning
vector (Invitrogen, Catalog No: K2000-01). A Xbal-Notl
fragment containing the carboxy terminus of Factor VII
sequence was isolated. The two fragments were inserted into
our eukaryotic expression vector pCI-dhfr (triple ligation) to
yield the 501-O-p136-1 clone.

Plasmid 501-p136-1 (Factor VII in pCI-dhfr vector) was
digested with restriction enzymes Xhol and Kpnl. A fragment
of ~1186 bp was isolated. A partial Factor VII clone (1180
bp-1322 bp) followed by a CTP sequence, termination
sequence and Notl sequence that was synthesized by GeneArt
(0721543) was digested with restriction enzymes Kpnl and
Notl. A fragment of ~253 bp was isolated. The two fragments
were inserted into our eukaryotic expression vector pCI-dhfr
(triple ligation) to yield the 501-1-p137-2 clone. pCI-dhfr-
701-2-p24-2 was digested with restriction enzymes Xhol and
Apal, and the large fragment (vector) was isolated.

pCl-dhfr-501-2-p137-2 (Factor VII-ctpx1) was digested
with restriction enzymes Xhol and Apal, and a ~1200 bp
insert was isolated. The vector and insert were ligated to yield
501-2-p139-2. Dg44 cells were plated in 100 mm tissue cul-
ture dishes and grown to confluence of 50-60%. A total of 2 pug
of DNA was used for transfection of one 100 mm plate using
the FuGene reagent (Roche) in protein-free medium (Invit-
rogen CD Dg44). The medium was removed 48 hours post-
transfection and replaced with a protein-free medium (Invit-
rogen CD Dg44) without nucleosides. After 14 days, the
transfected cell population was transferred into T25 tissue
culture flasks, and the selection was continued for 10-14 days
until the cells began to grow well as a stable clone. High-
expressing clones were selected and approximately 2x107
cells were used to inoculate 300 ml of growth medium in a
1700 cm? roller bottle (Corning, Corning N.Y.) supplemented
with 5 ng/ml of Vitamin K3 (menadione sodium bisulfate;
Sigma). The production medium (harvest) was collected after
a rapid decrease in the cell viability to around 70%. The
production medium was first clarified and then concentrated
approximately 20-fold and dialyzed to PBS using flow filtra-
tion cassette (10 KDaMWCO; Millipore Corp, Billerica,
Mass.).

Determination of FVII Antigen Level

The ¢cDNA coding the CTP peptide was fused to the 3' end
of the cDNA coding human FVII. The corresponding rFVII
construct was transfected into Dgd4 cells. As a control, a
human rFVII ¢cDNA was utilized. The production medium
(harvest) was collected, concentrated and the secreted recom-
binant FVII was further evaluated. rFVII, rFVII-CTP and
rFVII-CTP-CTP antigen levels were determined by Assay-
Max Human FVII ELISA kit (AssayPro) (FIG. 20A). There
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was no significant difference in the secretion level of rFVII-
CTP and rFVII-(CTP), compared to native rFVII.

SDS-PAGE Blots

SDS-PAGE analysis was done by loading 50 ng of either
harvest, purified or activated rFVII protein. Samples were
loaded on 12% Tris-Glycine gel using Precision Plus Dual
Color Protein Marker (Bio-Rad). The SDS-PAGE analysis
was done by performing a Western immunoblot using an
anti-human FVII monoclonal antibody (Ab) (R&D systems)
or anti-CTP polyclonal antibody generated in Rabbit.

The level of rFVII antigen correlated with the detected
protein level in a SDS-PAGE immunoblotted with anti-FVII
Ab. rFVII-CTP migrated as a single band, while the corre-
sponding molecular weight of the FVII control was approxi-
mately 52 KDa (data not shown). Both proteins reacted with
antibodies specific for FVII on immunoblots. The rFVII-CTP
also reacted with antibodies specific for CTP. rFVII was
secreted in its zymogene form with no trace of activated
protein.

FVII Chromogenic Activity:

rFVIIL, fFVII-CTP and rFVII-(CTP), harvest activities
were determined using a commercially available chromoge-
nic test kit (AssaySense Human FVII Chromogenic Activity
Assay Kit (AssayPro). For functional characterization of the
rFVII-CTP and its ability to be further activated (FVIla),
concentrated rFVII-CTP (harvests) were placed in a commer-
cially available chromogenic test kit that measure the ability
of TF/FVIla to activate Factor X to Factor Xa that in the
presence of FXa specific substrate releases a quantitated sig-
nal (AssayPro). The addition of the CTP peptide at the C-ter-
minal of the rFVII protein did not impair the FVII serine
protease activity (FIG. 20B, 20C).

FVII Clotting Activity:

Prothrombin time (PT) measures the extrinsic pathway of
coagulation. The PT is the time (measured in seconds) it takes
plasma to clot following the addition of an extrinsic pathway
activator, phospholipid and calcium. It is used to determine
the clotting tendency of blood, specifically in the measure of
warfarin dosage, liver damage, and vitamin K status. The
reference range for prothrombin time is usually around 12-15
seconds. Specifically, the assay quantitated the ability of
FVII-CTP and FVII-(CTP), harvest to restore the clotting
activity of FVII-depleted human plasma by the addition of
rhFVII. 300 pl of FVII-deficient human plasma was mixed
with 100 pl of FVIL, FVII-CTP and FVII-(CTP), harvests at
specific concentrations, or normal pool human plasma and
were further diluted. Following a 60 second incubation at 37°
C., Tissue Factor (TF), CaCl,, and phospholipids were added
to the mixture. The clotting time in seconds was determined
Potency was assessed by comparing a dose-response curve of
FVII-CTP and FVII-(CTP), harvests to a reference prepara-
tion consisting of thFVII or human pool plasma. One unit of
active FVII was defined as the amount of FVII which equals
to the activity of one ml human normal plasma. The PT
Clotting activity of rFVII and rFVII-CTP was measured on a
coagulometer (Instrumentation Laboratory).

As previously shown, the addition of a CTP peptide at the
C-terminal of the rFVII protein did not damage its serine
protease activity and lead to the initiation and activation of a
native Factor X and Factor IX in human plasma. Following
the insertion of an additional CTP at the C terminal, there was
a three-fold reduction in the serine protease activity (data not
shown).

Pharmacokinetics Study:

rFVIIL, rFVII-CTP, and rFVII-(CTP), harvests were admin-
istered intravenously to Sprague-Dawley rats (six rats per
substance) with a dose of 100 pg/kg body weight. For all of
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the in vivo experiments, the amount of the respective protein
was determined on the basis of FVII ELISA kit. Foreach FVII
test substance, the injected amount was calculated by taking
into account the differences in the molecular weight of rFVII
versus rEVII-CTP, which leads to a different molar concen-
tration.

Blood samples were drawn retro-orbitally using an altering
sampling scheme to minimize interference of the sampling
procedure levels to be quantified: from 3 rats at 30 and 90 min
and at 2, 6, and 48 hrs, and from the remaining three rats at 15
and 60 min and at 1.5, 4, and 24 hrs alternately. Plasma was
prepared immediately after sampling and stored at —20° C.
until analysis. FVII concentration was quantified by FVII
ELISA specific assay. Half-life and area under the curve
(AUC) were calculated using a linear trapezoidal rule. Com-
parison of these clearance parameters revealed that the in vivo
half-life and rFVII-(CTP), AUC are significantly higher than
those of rFVII (Table 30).

TABLE 30
PK study parameters

Dose TY2 AUC,_, CL/F MRT
Group Route pg/kg min ng/min/mL.  mL/min/kg min
FVIL v 60 4.07 3314.7 6.195 6.2
FVII- v 60  Pp=51.06 31353.9 0.287 73.7
CTP
FVII- v 60 Pp=13.66 7626.8 1.18 15.4
CTP-
CTP

Characterization of Recombinant FVIIa-CTP:

During activation, FVII is cleaved at R152 resulting in
heavy and light chain domains that are held together by a
single disulfide bridge. rFVIIa-(CTP), is purified and acti-
vated by an ion exchange column purification process. In
orderto fully evaluate rFVIla-(CTP),, the protein is loaded on
SDS-PAGE under reducing conditions to commercial FVIla
(NovoSeven®). The heavy and the light chain domains are
separated and migrate as separated bands of molecular
weights 55 and 25 KDa. Both proteins react with antibodies
specific for FVIL, but the heavy chain of the rFVIIa-CTP
specifically reacts with anti-CTP-specific antibodies, indicat-
ing that this band represents the FVII heavy chain fused to
CTP. The light chain reacts specifically with anti-gamma
carboxylase Ab. The FVIIa protein concentration is deter-
mined by FVIla-specific ELISA kit.

FVIla N-Terminal Sequencing:

rFVII-CTP-CTP in activated or zymogene purified pro-
teins is separated by SDS-PAGE (on 12% Tris-Glycine) and
subsequently electroblotted to a PVDF membrane. The bands
of interest are cut out and put on a purified Biobrene-treated
glass fiber filter. The N-terminal sequence analysis is carried
out by Edmann degradation using a pulsed liquid protein
sequencer equipped with a 140C HPLC microgradient sys-
tem. The identity of the recombinant protein and proper pro-
peptide cleavage is further verified by N-terminal sequenc-
ing.

FVIla Clotting Activity:

In order to evaluate FVII-(CTP), coagulation activity, acti-
vated partial thromboplastin time assay (aPTT) is performed.
FVII-deficient plasma sample is substituted with rFV1la (No-
voSeven®) or rFVIIa-(CTP),.300 ul of FVII deficient human
plasma is mixed with 100 ul of FVIla or rFVIIla-(CTP), at
specific concentrations, or normal pooled human plasma
which is further diluted. Following 60 seconds incubation at
37° C. Tissue Factor (TF), CaCl,, and phospholipids are
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added to the mixture. Clotting time in seconds is determined
Potency is assessed by comparing a dose-response curve of
rFVIIa-(CTP), to a reference preparation consisting of
rhFVIla or human pool normal plasma. One unit of FVIla is
defined as the amount of FVIla which equals to the activity of
1 ml human normal plasma. The aPTT clotting activity of
rFVII and rFVIIa-(CTP), is measured on a coagulometer
(Instrumentation Laboratory). The aPTT clotting activity of
rFVIla and rFVIIa-(CTP), is similar.

Pharmacokinetics Studies in Rats:

In order to characterize the influence of the CTP addition to
the rFVIla on its longevity potential, a comparative pharma-
cokinetic study in rats is performed. NovoSeven® (rFVIla)
and rFVIIa-(CTP), in TBS are injected IV to 6 SD rats. The
levels of FVIla over time are detected using a FVIla ELISA
kit. The half-life and AUC are calculated for each protein.
Comparison of these clearance parameters reveals that the in
vivo measures of half-life, recovery, and AUC of the rFVIla-
(CTP), are superior to those of NovoSeven®.

FVIIa-CTP In Vivo Efficacy Model (FVIII-Deficient
Mouse Model of Hemophilia):

In order to assess the in vivo activity model, FVIII knock-
out mice are obtained, and a breeding colony is established.
10 n of either commercial recombinant hFVIIa (No-
voSeven®) or rFVIIa-(CTP), are injected into the tail vein of
an anaesthetized FVIII knockout mouse (22-28 g). The
amount of injected protein equals to the required concentra-
tion of FVIII in normal plasma (5 pg/ml). Blood samples are
taken from the clipped tail into heparinized capillary tubes at
specific time points. Plasma samples are assessed for FVIla
levels by ELISA, and efficacy is measured by a PTT coagu-
lation assay.

In this study, a fusion construct of FVII with CTP is gen-
erated. This recombinant protein is the basis for a treatment
that provides a prolonged half-life and retention of therapeu-
tic potency.

These results suggest that rFVIla-(CTP), has a similar
therapeutic efficacy to rFVIla in hemophilia patients. More-
over, this technology requires less frequent dosing. It appears
that a single injection of tFVIla-(CTP), is sufficient to control
bleeding episodes and reduce the number of injections that
are needed during surgical intervention. This recombinant
protein may be used as a long term prophylactic treatment.

Example 5

Comparative Assessment of Purified FVII-CTP;,
FVII-CTP,, and FVII-CTP,

5.1 Study Objective

Comparative assessment of pharmacokinetic parameters
and clotting activity of FVII-CTP, and FVII-CTP; versus
FVII-CTP,,.

5.2 Production of FVII-CTP, and FVII-CTP4 Harvests

FVII ¢cDNA fused at the C-terminal to four or five tandem
CTP sequences was expressed in Dgd4 cells using the
Excellgene expressing system in the presence of 20 n/L. of
vitamin K3 (Sigma, Mennadion). The harvest was collected
(300 ml), filtered and frozen.

5.3 Production of FVII-CTP; Harvest

FVII-CTP, was expressed in-house in mammalian
expressing system, CHO cells, using pCI-DHFR vector.
Stable transfected pool #71 was grown in shake flasks, in the
presence of 25 ng/lL of vitamin K3 (Sigma). The harvests
were collected and filtered.

All FVII-CTP harvests (3, 4 and 5 CTPs) were concen-
trated and dialyzed against TBS (50 mM Tris, 150 mM NaCl,
pH 7.4) using Pellicon XI. MWCO 10 kDa.
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5.4 Determination of FVII Antigen Level
FVII antigen level was determined using Human FVII
ELISA kit (Zymotest HyPhen) (Table 31). The calculated
protein concentration is the average of two independent runs.

TABLE 31

FVII antigen level

FVII-CTP; FVII-CTP, FVII-CTPs
Av. (ng/ml) 224357.3 87884.1 589423
SD 44789.5 3248.7 5309
% CV 20.0 3.7 9

5.5 FVII-CTP Immune-Blot

FVII-CTP;, FVII-CTP,, and FVII-CTPs harvests were
loaded on 12% Tris-Glycine gel (expedeon) using Precision
plus dual color protein marker (Bio-Rad). The SDS-PAGE
analysis was performed by Western immune-blot using anti-
CTP polyclonal Ab (Adar Biotech Production) or anti-Gla Ab
(American Diagnostica).

FVII fused to three, four and five CTP migrated at 80, 90
and 100 kDa, respectively. As expected, FVII-CTP, and
FVII-CTPs harvests from Excellgene contain low gamma
carboxylation content as compared to FVII-CTP, harvest
which was produced at Prolor since the production process
wasn’t optimized (FIG. 21).

5.6 Comparative Assessment of FVII In Vitro Potency

A comparative assessment of the in vitro potency of HA
purified (highly gamma carboxylated fraction) FVII-CTP;,
FVII-CTP,, and FVII-CTP5 versus normal human pool
plasma was performed using a commercially available chro-
mogenic activity test kit, BIOPHEN (Hyphen BioMed
221304). All samples were serially diluted, and the potency
was assessed by comparing a dose-response curve to a refer-
ence preparation consisting of normal human plasma. FVII-
CTP, and FVII-CTP; demonstrated chromogenic activity
lower than pooled normal plasma (FIG. 22). FVII-CTP, dem-
onstrated higher activity as reflected by EC50 ratios, com-
pared to FVII-CTP; and FVII-CTP4 (Table 32).

TABLE 32

FVII In Vitro Clotting Activity

EC50 Sample/plasma
Sample (ng/ml) ECS50 ratio
Plasma 0.05
FVII 3CTP 0.12 2.72
FVII 4CTP 0.03 0.71
FVII 5CTP 0.06 1.35
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5.7 FVII In Vitro Clotting Activity:

Factor VII (FVII) activity assay, which was performed in
Sheba Medical Center, the Israel National Coagulation Cen-
ter, is a prothrombin (PT)-based assay using immunoad-
sorbed plasma deficient in Factor VII (Siemens). The PT
reagent is innovin, and the assay is performed in the Sysmex®
CA 1500 instrument. FVII normal range is within 55-145%.

TABLE 33
FVII In Vitro Chromogenic Activity
Concentration
FVII % in tested sample Concentration
Sample of activity (ng/ml) (ug/ml)
FVII3 CTP 36 0.5 224.2
18 0.25
6 0.125
FVII 4 CTP 334 0.5 87.9
176 0.25
93 6.25
FVIL5 CTP 38 0.5 58.9
19 0.25
10 0.125

Since the normal level of circulating FVII in the body is
around 0.5 pg/ml, FVII-CTP; and FVII-CTP; harvests
exhibit 3-fold reductions in their coagulation activity versus
normal human pool plasma; this result correlates with the
obtained chromogenic activity (Table 33).

The FVII-CTP, harvest exhibits a 3-fold increase in its
potential coagulation activity versus normal human pool
plasma as observed in the chromogenic activity assay (Table
33). The activity percentage of FVII-CTP, is much higher
compared to activity percentage of FVII-CTP, and FVII-
CTP5. Methodological limitations of the ELISA method may
limit the accuracy of Ag level calculations of FVII-CTP,.

5.8 Pharmacokinetic Study

Two pharmacokinetic studies were performed in order to
determine the FVII-CTP;, FVII-CTP,, and FVII-CTP; phar-
macokinetics (PK) parameters. During the first study, FVII-
CTP;, FVII-CTP,, and FVII-CTPs (Group A, B and C,
respectively) were administered in a single intravenous injec-
tion to Sprague Dawley rats (six rats per treatment) in a dose
ot 250 ng/kg body weight. Blood samples were drawn retro-
orbitally from 3 rats alternately at 0.083, 0.5 2, 5, 8, 24, 48,72
and 96 hours post-dosing (Table 34). Citrated plasma (0.38%)
was prepared immediately after sampling and stored at —20°
C. until analysis.

TABLE 34

Pharmacokinetic Study Design - Concentrated Harvest

No. of
animals/ Dose
group/ Level Injected
Treatment Test time Dose (pgper Vol Cone. Time-Points
Group  Atticle point Route animal) (ul) (ng/ml) (hours post-dose)
A FVII- 6 % 50 200 250 0 (Pre-dose) 0.083,
CTP*3 0.5,
2,5,8,24,48,72,96
B FVII- 6 % 50 200 250 0 (Pre-dose) 0.083,
CTP*4 0.5,

2,5,8,24,48,72,96
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TABLE 34-continued
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Pharmacokinetic Study Design - Concentrated Harvest

No. of
animals/ Dose
group/ Level Injected
Treatment Test time Dose (pgper Vol Cone. Time-Points
Group  Atticle point Route animal) (ul) (ng/ml) (hours post-dose)
C FVII- 6 % 50 200 250 0 (Pre-dose) 0.083,
CTP*5 0.5,

2,5,8,24,48,72,96

FVII concentration in plasma samples were quantified
using human FVII Elisa kits (Zymutest FVII-Biophen). The
pharmacokinetic profile was calculated and is the mean of 3
animals at each time point. Terminal half-life values were
calculated using PK Solutions 2.0 Software. Table 35 below
summarizes the calculated FVII concentrations at the differ-
ent sampling time points. The PK profile (FIGS. 23-24) and a
summary of the PK parameters (Table 36) are also presented
below. FVII-CTP, demonstrated a superior profile as com-
pared to FVII-CTP; and FVII-CTP, (Table 36).

TABLE 35

First Pharmacokinetic Study - FVII Concentration

AVE-FVII- AVE-FVII- AVE-FVII-
Time 3-CTP 4-CTP 5-CTP
(hr) (ng/ml) SD (ng/ml) SD (ng/ml) SD
0.083 4214 583 3600 427 4888 504
0.5 3386 892 5213 1682 5384 2549
2 1138 219 3603 1338 3082 289
5 1390 374 2726 1127 2480 561
8 333 167 1349 44 2316 633
24 133 12 476 98 788 34
48 38 3 165 24 384 61
72 12 2 91 62 167 31
96 26 1 42 8 93 49
TABLE 36
Pharmacokinetic Analysis

FVII-3CTP FVII-4CTP FVII-5CTP

half-life (0.083-8 hr) (hr) 2.5 4.9 6.6

half-life (8-72 hr) (hr) 133 16.6 17.7

AUC (ng-hr/ml)(8-72 hr) 18374.6 51224.4 72954.2

Vd (ml/kg)(8-72 hr) 203.7 91.9 67.7

CL(ml/hr/kg) (8-72 hr) 10.6 3.8 2.7

The addition of four or five CTPs significantly elongated
FVII half-life as compared to 3 CTPs by 2- and 3-fold, respec-
tively (Table 36). This superiority was more significant in the
initial part of the study (0.083-8 hr), suggesting a potential
improved protein recovery and reduced extra vascular clear-
ance. AUC following FVII-CTP, and FVII-CTP administra-
tion increased by 3- and 4-fold, respectively, versus FVII-
CTP;. Clearance was also reduced while adding 4 and 5 CTPs
to FVII (Table 36).

As observed in the study, the addition of four and five CTPs
significantly elongated FVII half-life as compared to 3 CTPs,
both in the initial and terminal half-life. The half-life values in
the first and second study are different due to a different
analysis approach which was effected by the dose and study
duration, nevertheless the overall trend was maintained. The
AUC following FVII-CTP, and FVII-CTP4 administration
increased by 2.5- and 7-fold, respectively, versus FVII-CTP;.
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5.9 Conclusions:

In this study, the PK parameters and potential clotting
activity of FVII-CTP;, FVII-CTP,, and FVII-CTP5 were
assessed. Fusion of 4 and 5 CTPs to FVII provided a superior
and improved half-life, exposure and reduced clearance as
compared to FVII-CTP; while maintaining a similar chro-
mogenic and in vitro clotting activity. These results were
observed at different concentrations of protein and were con-
sistent for both harvest and purified protein. While evaluating
the overall effect of fusion of CTP at the C terminus to FVII,
fusion of 1-5 CTPs considerably increased the half-life and
AUC of FVII in a CTP proportional manner, suggesting that
as the CTP portion of the molecule increases, FVII longevity
and stability is significantly improved while maintaining its
initial in vitro clotting activity, as summarized in Table 37
hereinbelow.

TABLE 37
T, percent AUC percent
Comparative assessment increase increase
FVIIvs. FVII-CTP, 268 200
FVII-CTP, vs. FVII-CTP, 67 57.8
FVII-CTP; vs. FVII-CTP, 24 178
FVII-CTP, vs. FVII-CTP5 6 42

As previously reported, FVII half-life correlates with the
half-life of the activated form of FVII (FVIla) both in humans
and animals. Therefore, it is anticipated that a similar
improvement in half-life will be obtained for the activated
versions following CTP fusion.

Example 6

FVII-CTP; Feasibility Studies in FVIII-Deficient
Hemophilic Mice

Studies described hereinabove testing FVII-CTP, FVII-
CTP, and FVII-CTP; harvest PK profile and coagulation
activity vs. a commercial FVII were conducted. FVII-CTP,
exhibited an improved PK profile while maintaining its
coagulation activity vs. FVII-CTP and FVII-CTP, harvests or
rhFVIL. In order to further characterize FVII-CTP; in vitro
and in vivo properties, a mini stable pool expressing and
secreting the protein was generated, and purification and acti-
vation processes were developed.

In the current study, the pharmacokinetic and pharmaco-
dynamic properties of FVIIa-CTP; were tested in FVIII-de-
ficient mice. The PK profile of the protein was evaluated. A
FVIla specific activity-based PK profile was established and
compared to commercial product NovoSeven®. In addition,
the long-lasting in vivo hemostatic capabilities of FVIla-
CTP; to induce coagulation in FVIII-deficient mice after a tail
vain transection (survival study) were tested.
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Study Objectives:

To evaluate the pharmacokinetic and pharmacodynamic
parameters of FVIIa-CTP; vs. commercial rthFVIla (No-
voSeven®) in FVIII-deficient mice following a single IV
administration at a similar activity dose.

To determine the in vivo ability of FVIIa-CTP; to maintain
homoeostasis in FVIII-deficient mice by a single IV admin-
istration of FVIIa-CTP, and NovoSeven® at a similar activity
dose followed by a challenge of tail vein transection (survival
study).

Production of FVII-CTP; Harvest:

FVII-CTP; was expressed in-house in Dg44 cells using a
pCI-DHEFR vector. Stable transfected pool #71 was grown in
shake flasks, in the presence of 25 ng/[L of Vitamin K3
(Sigma). Cell suspension was cultured and harvested follow-
ing viability decline to 60-80%. The harvest was filtered and
frozen at -70° C.

Determination of Harvest FVII Antigen Level:

FVII antigen level was determined using human FVII
ELISA kit (Zymotest HyPhen) (Table 38). The antigen level
was calculated per each pooled harvest batch.

TABLE 38

FVII-CTP; antigen level
FVII antigen level

PK-PD study Survival study
harvest 31A harvest 31B harvest 38
Av (ug/ml) 16.0 15.9 16.6
STD 1.5 0.0 0.8
% CV 9.1 0.1 49

FVII-CTP; Purification Process (FIG. 25)

Process Outline

Following a short purification study, the following purifi-
cation process using 2 columns was performed. WI-Select
affinity column (GE) and Ceramic Hydroxyapatite type 1
(HA), 40 pm (Bio Rad), FVII-CTP, y-carboxylated enriched
protein was purified. Auto-activation was induced by incuba-
tion of purified FVII-CTP; in the presence of CaCl, overnight
at 2-8° C. The purification process is in its final developmen-
tal stage and is being optimized, thus part of the purification
steps are not identical in the two batches.

Ultra-Filtration/Diafiltration (UFDF) Using 10 kDa Hol-
low Fiber or Pellicon Cassette

Clarified harvest was thawed at 4° C. over the weekend
(2-3 days).

In Batch 31, clarified harvest (12 liters) was concentrated
4-fold (in two successive runs) using a hollow fiber cartridge
(GE Healthcare Catalog #UFP-10-C-4x2MA) witha 10 KDa
molecular weight cut-off. Concentrated harvest was dia-fil-
trated against 1-2 volumes of TBS (50 mM Tris 150 mM NaCl
pH7.4).

In Batch 38, clarified harvest (8.5 liters) was concentrated
4-fold using a Pellicon 2 (Millipore) cassette with a 10 KDa
molecular weight cut-off. Concentrated harvest was directly
loaded on VII-Select column.

Both ultra-filtrations were performed on ice with ice cold
buffers. UFDF samples were filtered 0.22 pm before loading.

Capture on FVII-Select Column

The UFDF or concentrated harvest was loaded on WI-
Select column (XK16/20, CV 18 ml), pre-equilibrated with
TBS pH 7.4. The column was washed with 50 mM Tris-HCl,
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0.5M NaCl pH 7.5, and FVII-CTP; was eluted with 50 mM
Tris-HCI, 1M NaCl 50% (v/v), Propylene Glycol pH 7.5. The
process was performed in two successive cycles utilizing the
same column.

Gamma Carboxylation-Based Separation on a Ceramic
Hydroxyapatite Column

The eluted product was diluted 1:10 with 10 mM sodium
phosphate pH 6.8 and loaded on ceramic hydroxyapatite col-
umns (XK16/20,CV 24 ml). The column was washed with 59
mM sodium phosphate pH 6.8 and the y-carboxylated rich
fraction of Factor VII was eluted with 500 mM sodium phos-
phate pH 6.8. This process was performed in two successive
cycles on the same column. At each batch, the eluates of the
two cycles were pooled and concentrated to 1.7-2 mg/ml and
dia-filtered with 20 mM Tris-HCI, 100 mM NaCl pH 8.2 to
reduce volume and prepare the material for the activation
step.

FVII Activation

Purified FVII-CTP; was diluted to 1 mg/ml and incubated
in 20 mM Tris-HCl, 100 mM NaCl and 1 mM CaCl, pH 8.2 at
2-8° C. for 24 hours. Activation was terminated by buffer
exchange (UFDF) to preliminary formulation buffer (20 mM
Citrate, 240 mM NaCl, 13.3 mM Glycine, pH 6.9).

FVII-CTP, and FVIIa-CTP; Analytical Properties:

SDS-PAGE and Western Blots

Purified FVII-CTP;, and FVIIa-CTP; were loaded on 12%
Tris-Glycine gel using Precision Plus Dual Color Protein
Marker (Bio-Rad). The SDS-PAGE Coomassie analysis was
performed by staining the gel with Coomassie brilliant blue
reagent (5 or 10 pg of protein/lane). Western blot analysis was
performed (1 pg of protein/lane) using anti-human FVII poly-
clonal Ab (R&D systems; AF2338), anti-human gamma car-
boxylation monoclonal antibody (American Diagnostics
Catalog #499, 3570), and anti-CTP polyclonal Ab. Under
reduced conditions, FVII-CTP; migrated at 75 KDa, and
FVIla-CTP; migrated as two main bands: a heavy chain at 50
kDa, and a light chain at 25 kDa, represented in FIG. 26 as
Bands 2 and 3, respectively.

The purification procedure significantly enriched the FVII-
CTP; portion while reducing impurities. The purification pro-
cess yield was 25-30% FVII (according to ELISA). Most of
the protein lost during purification had low FVII chromogenic
activity or no activity. Based on Coomassie-stained SDS-
PAGE, the reduced FVIIa-CTP; contains more than the pre-
dicted bands. A band migrating to around ~75 kDa represents
non-activated FVII (FIG. 26, Band 1). This band consists of
two bands with minor MW differences, which might reflect
different y-carboxylation content. Additional bands with MW
lower than 20 kDa were observed. This was previously
reported to be degradation products of the heavy chain.

FVII-CTP, Chromogenic Activity:

A comparative assessment of the in vitro potency of FVII-
CTP, harvest, in-process fractions, and purified FVII-CTP,
versus human pool normal plasma was performed using a
commercially available chromogenic activity test Kkit,
BIOPHEN (Hyphen BioMed 221304). FVII-CTP; harvest
and protein were serially diluted and the potency was
assessed by comparing a dose-response curve to a reference
preparation of normal human plasma. Following FVII-CTP,
purification, the chromogenic activity was significantly
improved, and non-active fractions were separated mainly by
HA column (FIG. 27). A strong correlation between FVII
chromogenic activity and detection of FVII with monoclonal
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anti-Gla antibodies in Western blot was observed. The
potency of FVII chromogenic activity as reflected by EC50
value in harvest is affected from both carboxylated and non-
carboxylated FVII fractions. Following purification and
enrichment of FVII-CTP; y-carboxylated fraction, the activ-
ity was improved, demonstrating the important contribution
of'y-carboxylation to FVII activity (FIG. 27). This parameter
is crucial for proper FVII in vivo activity and will be further
addressed in a clone development program.

Protein Determination by A280

The theoretical extinction coefficient of FVIIa-CTP; and
NovoSeven® was calculated using the ProtParam algorithm
(http://web.expasy.org/protparam). The calculation is based
on amino acid sequence. The calculated extinction coeffi-
cients for FVII-CTP; and NovoSeven® is 1.186 and 1.406,
respectively. These values represent the absorbance of 1 g/LL
at 280 nm.

The extinction coefficient difference between the two pro-
teins derives solely from the increase in molecular weight of
FVIla-CTP, compared to NovoSeven®, since CTP lacks aro-
matic and cysteine residues, thus does not contribute to the
absorbance.

Protein determination by A280 is used for final FVII, and
for purified in-process samples, starting from the elution of
VII-Select column.

Determination of FVIla Antigen Level

FVIla antigen level was determined using Human FVIla
ELISA kit IMUBIND, American Diagnostica). The antigen
level was calculated per each batch. However, this tool was
not useful for the determination of the dose for injection,
since it did not represent the amount of active product.

Clotting Assay of FVIla-Staclot® VIla-rTF

FVIlais derived from an intra-chain cleavage ofthe single-
chain FVII. Native tissue factor (TF) is a cofactor of FVIIa.
Upon binding to TF, FVII mediates the activation of Factor X
to Xa, while itself is transformed to FVIla. The soluble tissue
factor is the extracellular part of native tissue factor. It can no
longer activate FVII by auto-activation, but the FVIla bound
to tissue factor can activate FX to FXa.
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to each study. NovoSeven® activity did not correlate with the
anticipated activity as reported on the vial, but the discrep-
ancy might be due to a different approach for activity evalu-
ation. Table 39 summarizes the FVIIa clotting activity per
volume without considering the protein concentration.

TABLE 39
FVIIa clotting activity of batch products
PK study Survival study
FVIla- FVIla-
3*CTP 3*CTP

(FVIIa31) NovoSeven ® (FVIIa38) NovoSeven ®

Activity (U/ml)  1.3E+06 2.5E+05 1.3E+06 7.4E+05

Specific Activity of FVIIa-CTP,

FVIla specific activity (which is calculated as the activity/
ml divided by protein concentration) was calculated based on
A280 and is presented in Table 40. When comparing the
specific activity of the two molecules, which differ in MW,
compensation must be made in order to normalize the activity
(i.e. because of the molecular weight difference, the number
of active sites in 1 mg of NovoSeven® is 1.185-fold higher
than in FVIIa-CTP;). Calculation of the conversion factor is
presented in the following equation:

SA(FVIa— CTP3)

Normalized_SA= m

X MW (Native_FVII) =

_ SA(FVIIaCTPy)

= 315 3p,  X43079.1Da = SA(FVila~ CTP;)« 1185

TABLE 40

FVIIa-CTP; specific activity compared to NovoSeven ®

Specific Fold
Prot Activity decrease
Average STDV Extinction  conec. U/mg U/mg from
Sample A280 (m=9) %CV coefficient (mg/ml) U/ml protein FVIla NovoSeven ®
NovoSeven ® 1.274  0.031 2.398 1.406 0.906 836E+05 9.23E+05 9.23E+05 1.0
FVIla- 4396  0.092  2.094 1.186 3706  7.23E+05 1.95E+05 2.31E+05 4.0
CTP;

The recombinant soluble tissue factor (rsTF) used in this
assay utilizes the FVIla specificity to construct a FVIla clot-
ting test. rsTF, in the presence of FVIla, calcium and phos-
pholipids leads to coagulation of plasma, without activating
FVII to FVIla.

The observed clotting time in this system has an inverse
relationship with the FVIla content in the tested sample, with
no interference of FVII presence in the sample.

The assay was performed by Omri Laboratories (Nes-
Ziona, Israel). FVIla activity was evaluated for both
NovoSeven® following reconstitution and FVIla-CTP; prior

60
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FVIIa-CTP, PK-PD Study:
Study Outline

FVIla-CTP; and rhFVIla (NovoSeven®, NS) were admin-
istered in a single intravenous injection to C57B FVIII-defi-
cient mice at a dose of 6.4E6 U/kg body weight (160,000
U/animal). Blood samples were drawn retro-orbitally from 4
mice alternately at 0.166, 0.5, 2, 4, 8, 12, 24,34, 48, 58, and
72 hours post-dosing (Table 41). Citrated plasma (0.32%)
was prepared immediately after sampling and stored at —20°
C. until analysis. FVIla clotting activity level was evaluated,
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and a detailed PK analysis was performed. The study was
performed by Omri Laboratories (Nes-Ziona, Israel).

110
TABLE 42

FVIIa clotting activity following single IV injection

TABLE 41 Time after
5 administration Average FVIIa Clotting Activity (U/ml)
Study outline
(hours) FVIIa-CTP;, NovoSeven ®
No. of Amount 0.16 6.8E+07 3.2E+07
animals/ of Injected Time-Points : il vl
T 4T /D Units/ Vol (h 0.5 9.7E+07 4.3E+07
reate eslt lg_roupl 0se 1l11ts ol.  (hours 10 5 2 1E+07 3.9F406
Groups Atticle timepoint Route animal (ul)  post-dose) 4 7.7E+06 7.3E405
8 2.7E+06 4.2E+04
A thFVIla 4 v 1.6e5 200 0 (Pre-dose) 12 3.7E+05 6.25403
0.166,0.5, 2, 24 2.4E+04 BLQ
4,8,12,24, 34 4.6E+03 BLQ
34,48, 58, 15 48 1.5E+03 BLQ
72
TABLE 43
FVIIa-CTP, recovery
Amount Practical ~ *Anticipated
Treated. Test of Units/ administered Cmax Cmax
Groups  Atticle animal dose (U/ml) (U/mlblood) (U/ml) % Recovery
A 1FVIIa 1.60E+05  1.20E+06 1.40E+05  4.25E+04 30
B FVIla- 1.60E+05  1.29E+06 1.50E+05  9.74E+04 64.6
CTP,

*anticipated Cmax is derived from administered dose divided in blood volume

30
TABLE 41-continued TABLE 44
Study outline PK parameters of FVIIa-CTP, vs. NovoSeven ®
No. of Amount PK Parameters NovoSeven ® FVIIa-CTP,
animals/ of Injected Time-Points 15
Treated Test group/  Dose  Units/ Vol.  (hours Half-life-., (0.5-12 hr) 0.94 1.57
Groups Atticle timepoint Route animal (ul)  post-dose) Half-life-; (12-48 hr) NA 4.62
AUC (mU * ht/ml) 5.80E+07 1.80E+08
B FVIa- 4 v 1.6e5 200 0 (Pre-dose) Vd/Kg (mUKg) 1408 2375
CTP, 2- 18661’20-;2’ CL/Kg (ml/hr/Kg) 1034 356
3148 58 40 MRT (hr) 13 6.7
72
Thrombin Generation Assay (TGA)

FVIIa-CTP; PK Profile in FVIII-Deficient Mice . -

FVIla activity in blood samples was quantitated using a Tl}e generation of thrombin is a.fundamental part of the
Staclot® VIIa-rTF kit (Stago, Parsippany, N.J.). The pharma- 43 clotting cascade and as such an estimate of how well a par-
cokinetic profile was calculated for each protein and repre-  ticular individual can generate thrombin may correlate with
sents the mean of 4 animals at each time point. FIG. 28 either a risk of bleeding or thrombosis. Commonly measured
presents the PK profile of FVIIa throughout the experiment. variables when analyzing thrombin generation include: the
FVllarecovery is presented in Table 43. A summary ofthe PK Jag time, the time to peak thrombin generation, the peak, the
parameters is presented in Table 44. 50 endogenous thrombin potential [ETP] (i.e., the area under the

Table 42 summarizes the clotting activity values following curve and the tail), the time course of the thrombogram
administration of either NovoSeven® or FVIIa-CTP3. FVIla- (“TG”). After a lag time, a burst of thrombin is observed.
ETP3 and I(;IOV.OSeven® reached mﬁ?ﬂflnal acn\./lt.y halflan However, clotting occurs at the end of the lag time, when

our post-dosing. NovoSeven®’ ighest activity - value more than 95% of all thrombin has not yet formed. The
reached only 43% of FVIIa-CTP;’s maximal activity value. 55 - . .
. L . thrombin generation assay was performed at Omri Laborato-
FVIIa-CTP; clotting activity was maintained for a longer . . . .
. : : . : ries, using Thrombinoscope reagents supplemented with
period of time, demonstrating elongated activity. Clotting o . .

.- - human hemophilic plasma. TGA reflects of the clotting abil-
activity for the NovoSeven®-treated mice was undetectable ity in mice ol derived f R £ NovoS ®
at time points later than 12 hours, while FVII-CTP; treated 1ty in mice plasma, derived from mjection of Novoseven:
mice continued to retain measurable activity at 48 hours post 60 agd FVIIa-CTP;. FIG' 29 pr f:ss:nts TGA par.ameter values for
dosing (Table 42 and FIG. 28). mice plasma following administration of either FVIla-CTP,

The addition of three tandem CTP copies to FV1la elevated or NovoSeven®. Following FVIIa-CTP3 adm%mstratlon., all
recovery by 100% (Table 43), as measured by the highest  three parameters (rate of th.rombln generation, maximal
activity post-dosing and compared to the anticipated activity ~ amount of generated thrombin and Klla) demonstrate an
based on in vitro analysis, and increased the half-life and ¢5 advantage of FVII-CTP, over NovoSeven® treatment. This

mean resident time (MRT) 5-fold. The exposure time (AUC)
was increased 3-fold (Table 44).

further strengthens the notion of potential long-acting supe-
riority of FVII-CTP; as compared to NovoSeven®.
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FVIIa-CTP; Tail Vain Transection (TVT) Study:

Study Outline

The data obtained from the PK/PD test for FVIIa-CTP,
provided insight into the functionality of FVIIa-CTP;, and
demonstrated that FVIIa-CTP; had a pharmacokinetic advan-
tage when compared with NovoSeven®. However, the ability
of the protein to induce a clot in vivo, after a traumatic event
has not yet been demonstrated. In order to evaluate the ability
of FVIIa-CTP; to stop bleeding, the same FVIII-deficient
mice model was employed for a bleeding challenge.

FVIII-deficient mice were administered a single intrave-
nous injection of FVIIa-CTP; or NovoSeven®. The mice
were dosed with drug in amounts that provided equivalent
FVIla activity (1.6E05 units, 200 ul), calculated according to
the potency of each drug evaluated in the FVIla clot activity
assay (Table 45). The administered doses were 9 mg/kg of
NovoSeven®, and 40 mg/kg of FVII-CTP; due to the reduced
activity of FVIIa-CTP;. A control group was injected with
200 pl vehicle.

The tail vein was transected 2.7 cm from the tail tip 15 min
(injection 1), 24 hours (injection 2) or 48 hours (injection 3)
post-administration, and mice survival was recorded for 24
hours.

TABLE 45
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following CTP fusion. CTP fusion is believed to sweep
around the protein shield and protect it from proteolytic
cleavage, to increase its radial molecular weight due to the
highly negative charge and to reduce its affinity to hepatic
clearance receptors.

The present study was aimed to provide specific insight on
the impact of CTP fusion to FVII on protein half-life and
clearance and also address the paradigm of its specific activity
following this modification. FVIII-deficient mice were
administered with a single IV injection of FVIIa-CTP; or
recombinant commercial FVIIa (NovoSeven®) at similar
dose (unit based) and a PK activity-based analysis was per-
formed. FVIIa-CTP; demonstrated a superior longevity as
reflected by 5- and 3.5-fold increase in its half-life and AUC,
respectively. The specific activity (U/mg) of FVIIa-CTP as
calculated by the Staclot® activity kit divided by the protein
concentration measured by A280 was shown to be 4-5 times
lower than the specific activity of NovoSeven®.

To build on the understanding of how CTP affects the
haemostatic effects of FVIla in vivo, the ability of FVIla-
CTP; to reduce bleeding was investigated. In the tail vein
transection bleeding model in hemophilic mice model,
rFVIla administration can improve the survival rate of chal-

Evaluation of injected samples

NovoSeven ® FVIIa-CTP,
protein Specific  protein Specific Specific
Injection  conc. Activity  Activity conc. Activity  Activity Activity
No. (mg/ml)  (U/ml) (U/mg) (mg/ml) (U/ml) (U/mg)  (normalized)
1 0.91 8.0E+05  8.8E+05 3.63 6.6E+05  1.8E+05 2.2E+05
2 0.92 8.3E+05  9.0E+05 3.81 7.8E+05  2.0E+05 2.4E+05
3 0.89 8.8E+05  9.9E+05 3.68 7.3E+05  2.0E+05 2.3E+05

Protein concentration was determined by A280.

Results

Data from the vehicle-injected control groups for the three
injections (5 animalsx3 injections), were summarized and are
presented in FIG. 30. 30% survival was observed 24 hours
after tail vein transection.

NovoSeven® and FVIIa-CTP;-treated mice demonstrated
proper hemostatic activity after tail vein transection per-
formed 15 min after FVIla administration. A 100% survival
rate was observed in FVIIa-CTP; and NovoSeven® treated
animals (FIG. 30).

The reduced clearance rate of FVII-CTP; which was dem-
onstrated in the PK/PD study is most clearly appreciated after
a tail vein transection performed 24 hours post-administra-
tion. A decline in the survival rate of NovoSeven® is
observed. Similar to the control group, 50% death is observed
within 10 hours. Meanwhile, 90% of FVIIa-CTP, treated
mice survived (FIG. 30). This result emphasizes the long-
lasting efficacy of the FVIIa-CTP; treatment.

48 hours after administration, a decline in survival rate is
demonstrated in groups treated with either FVIIa-CTP; or
NovoSeven® (FIG. 30C). A slight improvement in FVIla-
CTP mice was observed, but the difference did not reach
statistical significance.

Discussion:

CTP fusion to recombinant proteins extends the circulatory
half-life of proteins while maintaining comparable activity.
While the mechanism behind the reduced clearance of protein
above a threshold size of 70 KDa is well understood with
respect to renal clearance, additional protection is achieved
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lenged animals and avoid their bleeding to death. In the study
described herein, animals were administered with FVIla-
CTP; or NovoSeven®. Both molecules were able to maintain
homeostasis when the transection was performed 0.25 hours
post-dosing. A significantly prolonged duration of activity
was demonstrated for the FVIIa-CTP;-treated group when
the tail transection was performed 24 hr post dosing. The
vehicle-treated group’s survival rate was higher than antici-
pated and higher than that obtained in previous studies (50%
vs. 20% in previous studies, data not shown). The percent
survival of treated animals at is further evaluated at earlier
time points, including at 36 hr post dosing.

In conclusion, it was demonstrated that FVIIa-CTP; has an
increased duration of activity in hemophilic mice which
translates into a longer duration of haemostatic effect when
compared to NovoSeven®. The data gathered suggest that
fusion of CTP to FVII is a technology with the potential to
significantly improve prophylactic treatment in patients with
hemophilia.

Example 7

Comparative Assessment of Purified FVII-CTP; Vs.
FVII-CTP; Profile Following Single IV or SC
Injection to SD Rats

Study Objective

Two studies were carried out:

The first study objective was to determine the pharmaco-
kinetic parameters of rFVII-CTP3 versus rFVII-CTPS fol-
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lowing FVII select- and HA-column purification in male
Sprague Dawley rats, after a single intravenous administra-
tion of 50 pg/animal.

In the second study, rFVII-CTP3-HA versus rFVII-CTP5-
HA pharmacokinetic parameters, were examined in male
Sprague Dawley rats following a single intravenous or sub-
cutaneous administration of 100 pg/animal.

Results
Determination of FVII-CTP 3 and FVII-CTP 5 Antigen
Level

FVII antigen level was determined using Human FVII
ELISA kit (Zymotest HyPhen) (Table 46). T

TABLE 46

Summarizes the calculated protein concentration
which is the average of three independent runs.

FVII 3 CTP FVII 5 CTP
FVIIS46  FVIIHA 46 FVIIS FVIIHA 5
el. Conc. el. Cone. el. Conc. 100% B Conc.
Dial Dial Dial Dial
AVE (ng\ml) 3.78E+06 1.59E+06 1.88E+06 7.92E+05
SD 1.30E+06 6.03E+05 7.15E+05 3.57E+05
CV (%) 3.43E+01 3.80E+01 3.80E+01 4.51E+01

Western Blot Analysis of the Examined Samples

FVII-CTP;, 5 samples were loaded on 4-12% bisTrisgel
(NuPage, invitrogene) using Precision plus dual color protein
marker (Bio-Rad). The SDS-PAGE analysis was performed
by western immune-blot using polyclonal anti FVII Ab (R&D
systems), anti CTP polyclonal Ab (Adar biotech production)
or anti Gla Ab (American diagnostica). In summary, FVII
fused to three and five CTP migrated at 80 and 100 kDa,
respectively (see FIG. 31).
Comparative Assessment of FVII In Vitro Potency

FVII activity assay, which was performed in Sheba medi-
cal center, the national coagulation center, is a PT based assay
using immunoadsorbed plasma deficient in factor VII (Si-
emens). The PT reagent is innovin and the assay is performed
in the Sysmex CA 1500 instrument. FVII normal range is
within 55-145%. Sample activities are summarized in Table
47.
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TABLE 47

Sample activity

Concen- Concen-
tration tration
(mg/ml) in tested Aver-
according to sample  Results age-% of
Sample (NANODROP)  (ug/ml) (%) plasma
FVII-5CTP FVIIS 2.19 2 87 16%
el. Conc. Dial 1 30
0.5 10
FVII-5CTP HA 5 1 2 97 21%
100% B comne. Dial 1 36
0.5 13
FVIIS 46 el. 3.17 2 100 18%
Cone. Dial 1 35
0.5 12
FVII HA 46 el. 1.5 2 92 20%
Cone. Dial (1) 1 33
0.5 10

The normal level of circulating FVII in the body is around
0.5 pg/ml. Both, FVII-CTP; and FVII-CTP; exhibit about 5
fold reductions in their coagulation activity versus normal
human pool plasma.

Pharmacokinetic Study

Two pharmacokinetic studies were performed in order to
determine the FVII-CTP; and FVII-CTP; (after FVII select
and FVII HA column) pharmacokinetics (PK) profile and
parameters. In the first study, FVII-CTP;, and FVII-CTP4
following FV1I select/HA purification were administered in a
single intravenous injection to Sprague Dawley rats (six rats
per substance) in a dose of 50 pg/rat.

Blood samples were drawn retro-orbital from 3 rats alter-
nately at 0.083, 0.5 2, 5, 8, 24, 48, 72, 96 and 120 hours post
dosing. Citrated plasma (0.38%) was prepared immediately
after sampling and stored at —20 until analysis.

In the second study, only samples after HA column were
tested. These samples were administered in a single intrave-
nous or subcutaneous injection to Sprague Dawley rats (six
rats per substance) using a dose of 100 pg/rat. Blood samples
were collected at the same time points and conditions as at the
first study above.

TABLE 48

First study design (FVII select vs. FVII HA).

Time-
No. of Dose Level Points
Treated animals/ Dose (ug per Injected  Conc. (hours
Groups Test Article group/ Route animal) Vol. (ul)  (nug/ml) post-dose)
A FVII-CTP*3 6 v 50 200 250 0 (Pre-
batch 46 HA dose) 0.083
0.5,2,5,
8,24,48,
72,96, 120
B FVII-CTP*3 6 v 50 200 250 0 (Pre-
batch 46 dose) 0.083
FVIIS 0.5,2,5,
8,24,48,
72,96, 120
C  FVI- 6 v 50 200 250 0 (Pre-
CTP*5batch dose) 0.083
S HA 0.5,2,5,
8,24,48,

72, 96,120
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TABLE 48-continued
First study design (FVII select vs. FVII HA).
Time-
No. of Dose Level Points
Treated animals/ Dose (ug per Injected  Conc. (hours
Groups Test Article group/ Route animal) Vol. (ul)  (ug/ml) post-dose)
D FVII-CTP*5 6 v 50 200 250 0 (Pre-
batch 5 FVIIS dose) 0.083
03,2,5,
8, 24,48,
72,96, 120
TABLE 49
Second study design (IV vs. SC)
Time-
Dose Points
No. of Level (hours
Treated animals/ Dose  (ugper Injected Cone.  post-
Groups Test Article group/ Route animal) Vol. (ul) (ng/ml) dose)
A FVII-CTP*3 6 v 100 200 500 0 (Pre-
batch 46 HA dose)
0.083
03,2,5,
8,
24,48, 72,
96, 120
B FVII-CTP*3 6 SC 100 200 500 0 (Pre-
batch 46 HA dose)
0.083
03,2,5,
8,
24,48, 72,
96, 120
C FVII- 6 v 100 200 500 0 (Pre-
CTP*5Sbatch dose)
5SHA 0.083
03,2,5,
8,
24,48,72,
96, 120
D FVII-CTP*5 6 SC 100 200 500 0 (Pre-
batch 5 HA dose)
0.083
03,2,5,
8,
24,48,72,
96, 120
The main differences between these two studies are the TABLE 50
dosages and the route of administration. In the first study, rats
P . L First pharmacokinetic study (FVII select
were injected TV with 50 pg\rat, while in the second study, the p Y
Yy o HE .’ Y vs. FVII HA) -FVII concentrations (ng\ml).
rats were injected IV or SC with 100 pg\rat (total 500 pg/kg;
rats weigh 200 g). The increase in the dosage is due to the FVII FVII FVII FVII
. s LS s . CTP*3 CTP*3 CTP*5 CTP*5
change 1n. the type of admlmst.ratlon, SC a(.im.lmstratlon Time BATCH 46 BATCHA6  BATCHS  BATCHS
requires higher amounts to achieve effects similar to IV 35 (hour) HA FVII S HA FVII S
administration.
. 0.083 1816.3 1633.9 2064.3 1853.5
Analysis of PK Study 0.5 1523.7 1409.9 1351.4 1418.0
. . . 2 1284.9 1041.7 1389.7 834.4
.FVH concentratlo.n in plasma samples were quantified o 5 6079 316 1237 1372
using human FVII Elisa kits (zymutest FVII-Biophen). Phar- 8 5042 4300 12.2 614.6
macokinetic profiles were calculated and reflect the mean for 24 1155 1329 272.5 201.8
3 animals at each time point. Terminal half-live values were 48 211 3L.6 62.3 90.4
calculated using PK solutions 2.0 software. The table below ;2 BLZS 12'2 2% ié'z
summarizes the calculated FVII concentrations at the differ- 45 15 BLQ BLQ s 534

ent sampling time points. PK profile and a summary of the PK

parameters are presented in table below.
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TABLE 51
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TABLE 52-continued

Second pharmacokinetic study (IV vs.
SC) -FVII concentrations (ng\ml).

PK Analysis- first pharmacokinetic study (FVIL S vs. HA).

(m/hr/kg) (8-72/
96/120 hr)

FVII FVI FVI FVII
FVII FVII FVII FVII 5 CTP*3 CTP*3 CTP*5  CTP*5
CTP*3 CTP*s CTP*3 CTP*s BATCH46 BATCH46 BATCHS BATCH S5
Time  BATCH46  BATCHS5  BATCH46  BATCHS HA FVILS HA FVI'S
(hour) HA-IV HA-IV HA-SC HA-SC half-life 1.1 12.1 16.46 20.29
(8-72196\120 hr)
0.083 6452.6 6153.3 5.0 BLQ 10 (o)
0.5 3930.7 3660.6 14.5 14.6 half-life 11.1 13.4 13.62 15.64
2 1992.3 2176.2 113.6 96.2 (8-72) (hr)
5 1598.9 2087.3 106.6 70.5 AUC(O-) 14566.9 13686.4 218127  19307.9
8 781.6 1075.6 188.9 129.7 (obs area)
24 268.5 627.2 155.0 239.2 (8-72/96/120 hr)
8 519 1433 50 Q8.6 15 AUC () area 14718.2 13788.1 220139 19701
72 8.8 39.0 7.0 36.7 (8-72/96/120 hr)
Vd(area)/kg 271.1 316.1 269.7 371.5
96 BLQ 10.8 BLQ 104 (ml’kg)
120 BLQ 8.2 BLQ 8.7 (8-2/96/120 hr)
CL(area)/kg 17.0 18.1 11.356 12.69
(ml/hr/kg)
20 (8-72/96/120 hr)
TABLE 52
PK Analysis- first pharmacokinetic study (FVIL S vs. HA). The addition of five CTP elongated FVII half-life com-
pared to 3 CTPs. Both forms of 5 CTP (i.e FVIIS and FVII
FVII FVII FVII VI HA) were detected at the long time points (96 and 120 hr),
CTP*3 CTP*3 CTP*5 CTP*5 while FVII-3 CTP HA and FVIIS-3 CTP were detected until
BATHCE 46 B‘;{/CHHS% BAE(;H 3 BFA\T/ICI}é 3 72 hr and 96 hr, respectively. Based on this fact, the half-life
of FVII-5 CTPs is longer than 3CTPs variants (see FIG. 32).
half-life 43 4.0 5.51 5.59 Comparing half-life of all examined materials (3 and 5 CTPs)
(0.083-8 hr) (hr) at the same time points (8-72 hr) showed that the half-life are
similar, although 5 CTP are quite longer (FIG. 32).
TABLE 53
PK analysis - second pharmacokinetic study-(IV vs. SC).
FVII  FVII FVII
CTP*3 CTP*5  CTP*3 FVII
BATCH BATCH BATCH  CTP*5
46HA- SHA- 46HA- BATCHS5 Bioviability Bioviability
v v sC HA-SC CTP*3 CTP*5
halflife 3.0 39 -18 -3.18
(0.083-8 hr)
(hr)
half-life (8-72\ 99 146 1314 22.94
96\120 hr)
(hr)
half-life (8-72) 99 130 1314 29.47
(hr)
AUC (O-t) 28866.8 43761.0 6600 9822.7 22.9 224
(obs
area) (8-72/
96/120 hr)
AUC () 28993.0 439344 6733 10110.8 23.22 23.01
area(8-72/
96/120 hr)
Vd (area)/kg 2464 2405 1407.6 1636.8
(mUkg) (8-72/
96/120 hr)
CL (area)/kg 172 114 74.261 49.452
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Again, as observed in the first study, the addition of 5 CTPs
elongated FVII half-life as compared to adding 3 CTP, both in
the initial and terminal half-life and in both administration
ways (IV and SC, see FIG. 33). As expected, following SC
administration, FVII was first detected in the blood at a later
time point as compared to when it was administered IV.

In the above, two PK studies were summarized. The main
purpose of'the first study was to check the difference between
FVII-3CTP and FVII-5 CTP after 2 different columns: FVII
select and FVII HA. In our previous studies, harvest vs.
purified proteins were checked and it was found that the
difference between 3 and 5 CTP versions of FVII was greater
when harvest was injected to the rats.

There was no significant difference between the results of
FVII 3\5 CTP after both columns, hence it was decided to
inject FVII HA 3\5 CTP in the second study (IV vs. SC).

Example 8

FVIIa-CTP; (MOD-5014) Survival Study in FVIII
Deficient Mice Following Subcutaneous Injection

Study Objective

To evaluate the efficacy of NovoSeven®, MOD-5014
(FVIIA-CTP,) and MOD-5019 (FVIIA-CTP,) in a tail vein
transection study, following subcutaneous administration.

FVIIa-CTP; (MOD-5014) and FVIIa-CTP5 (MOD 5019)
Analytical Properties:

Protein Determination by A280

Theoretical extinction coefficient of NovoSeven® was cal-
culated using ProtParam algorithm (http://web.expasy.org/
protparam). The calculation is based on amino acid sequence.
The calculated extinction coefficient for NovoSeven® is
1.406, and for MOD-5019 is 1.075 (values represent the
absorbance of 1 g/l at 280 nm). Extinction coefficient of
MOD-5014 was determined by amino acid analysis at Mscan.
The extinction coefficients for MOD-5014 is 1.27.

Clotting Assay of FVIIa-STACLOT VIla-rTF

FVIla is derived from intra-chain cleavage of the single-
chain FVII. Native tissue factor (TF) is a cofactor of FVIIa,
upon binding to TF, FVII mediates the activation of Factor X
to Xa, while itself is transformed to FVIla. The soluble tissue
factor is the extra cellular part of native tissue factor. It can no
longer activate FVII by auto activation, but the FVIla bound
to tissue factor can activate FX to FXa.

The recombinant soluble tissue factor (rsTF) used in this
assay is utilizing the FVIla specificity to construct a FVIla
clotting test. Recombinant soluble tissue factor (rsTF), in the
presence of FVIla, calcium and phospholipids, produces
coagulation of plasma without activating FVII to FVIIa.
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The observed clotting time in this system has an inverse
relationship with the FV1la content in the tested sample, with
no interference of FVII presence in the sample.

FVIla activity was evaluated for reconstituted
NovoSeven®, and for MOD-5014 and MOD-5019 prior to
each study.

FVIla specific activity (which is calculated as the activity/
ml divided by protein concentration) was calculated based on
A280 and is presented in Table 54. When comparing specific
activity of the two molecules, which differ in molecular
weight, compensation must be made in order to normalize the
activity (i.e. because of the molecular weight difference, the
number of active sites in 1 mg of NovoSeven® is 1.185 fold
higher than in MOD-5014 and 1.307 fold higher than MOD-
5019). Hence, calculation of the conversion factor is pre-
sented in the following formula:

SA(FVIa— CTP3)

Normalized_SA= —mt ¥ 2ZZ203)
OIMANZECSA= 3W - (Native FVID

X MW(FVIICTP;) =

SAWVIACTR) | 53419.5Da = SA(FViia— CTP;)+1.185
= TA5070.0pa O HIDa = SAUVHa= CTR)« 1.
TABLE 54
MOD-5014 Specific activity compared to NovoSeven ®
Protein Specific Fold
conc. By Activity decrease from
Sample A280 (mg/ml) (U/mgFVIla) ®NovoSeven
®NovoSeven 0.93 52,487 1.0
MOD-5014 batch 73 1.4 25,490 2.05
MOD-5019 batch 9 3.0 11,698 4.48
Study Outline

The most significant measurement is the ability of the
protein to induce a clot in vivo, after a traumatic event. In
order to evaluate the ability of MOD-5014 to stop bleeding,
the same FVIII deficient mice model was employed for a
bleeding challenge.

FVIII deficient mice were administrated with a single sub-
cutaneous injection of MOD-5014, MOD-5019 or
NovoSeven®. Group A and B were dosed with NovoSeven®
and MOD-5014 respectively, in equivalent amounts as FVIla
activity. Group C was dosed with MOD-5019 in equivalent
amount FVIIa protein as MOD-5014, in order to evaluate the
critical factor (activity or amount of protein). The adminis-
trated doses were 4.2 mg/kg of NovoSeven®, and 8.6 mg/kg
of MOD-5014 and MOD-5019. The tail vein was transected
2.7 cm from tail tip 12 hours post administration, and mice
survival was recorded for 24 hours.

TABLE 55

Group designation

T
Administered Bleeding
Dose No. of  time,
mg Injected mice hours
Injection FVII/ Volume  per post
Group date Test Article Kg mUKg (ul)  group  dosing
A 13 Jan. 2013 ®NovoSeven 4.23 221,876 100 10 12
B 15 Jan. 2013 MOD-5014,batch 73 8.59 218,750 160 10 12
C 27 Jan. 2013 MOD-5019,batch 9 8.59 100,496 160 10 12
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Results

The experiment data is summarized in Table 56—and in
FIG. 34.

122

Experimental Methods
Animals

24 males SD rats arrived from Harlan Laboratories Israel,
Ltd, at least 4 days before the injections begin. The animals

TABLE 56
TVT study results
Time
post No. of surviving mice % survival
VT MOD- MOD- MOD- MOD-
(h) NovoSeven ® 5014 5019 NovoSeven ® 5014 5019
0 9 10 10 100 100 100
1 9 10 10 100 100 100
2 9 10 10 100 100 100
3 8 10 8 89 100 80
4 6 9 8 67 90 80
5 5 9 7 56 90 70
6 4 8 5 44 80 50
7 3 8 5 33 80 50
8 2 7 5 22 70 50
9 1 6 5 11 60 50
10 1 5 5 11 50 50
11 1 3 5 11 30 50
12 1 3 5 11 30 50
24 1 3 4 11 30 40

24 hours post TVT, only 11% of NovoSeven® injected
mice have survived. 30% of MOD-5014 and 40% of MOD-
5019 have survived to this time point. Surprisingly, subcuta-
neously injected MOD-5014 and MOD-5019 shows
improved mice survival in comparison to NovoSeven®.

Factor Vlla, like other coagulation factors, is normally
injected intravenously, in order to be directly available in the
blood stream. However, the present invention shows that the
compositions provided herein are surprisingly more effec-
tively absorbed into the bloodstream after SC administration.
To be able to administer FVIla subcutaneously serves as an
advantage as it can be used for prophylactic applications.
Subcutaneous injections are also much easier for patients to
self-inject, and are advantage when the patients are very
young and their veins are small and difficult to find.

Hence, the subcutaneous application can be used for pro-
phylactic treatment.

Example 9

Comparative PK-PD Study of Recombinant
Mod-5014 Vs. NovoSeven® Following
Subcutaneous Administration in SD Rats

Study Objectives

To determine the pharmacokinetic and pharmacodynamic
parameters of MOD-5014 versus commercial rFVIla in SD
rats following a single SC administration.

To compare two independent experiments (05010 &
05034) containing MOD-5014 products originated from two
different clones (clone no. 28 vs. 61) by their pharmacokinet-
ics parameters.

55
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were healthy young adults, at ~200 gr at study initiation. The
body weight variation of animals at the time of treatment
initiation should not exceed £20% ofthe mean weight of each
sex. The health status of the animals used in this study is
examined on arrival. Only animals in good health are accli-
matized to laboratory conditions and are used in the study.

Clotting Assay of FVIIa-STACLOT Vlla-Rtf

The recombinant soluble tissue factor (rsTF) used in this
assay is utilizing the FVIIa specificity to construct a FVIla
clotting test. rsTF, In the presence of FVIla, calcium and
phospholipids produce coagulation of plasma, without acti-
vating FVII to FVIla.

The observed clotting time in this system has an inverse
relationship with the FV1la content in the tested sample, with
no interference of FVII presence in the sample.

FVIla activity was evaluated for both NovoSeven® follow-
ing reconstitution and MOD-5014 prior to each study. FVIla
specific activity was calculated based on A280. When com-
paring specific activity of the two molecules, which differ in
MW, compensation must be made in order to normalize the
activity (i.e. because of the molecular weight difference, the
number of active sites in 1 mg of NovoSeven® is 1.185 fold
higher than in MOD-5014).

PK Solver Software

The pharmacokinetic parameters were calculated using PK
solver software. The IV administration curve analyzed as two
compartmental CA bolus, and the SC administration as NCA

Extravascular-Log linear trapezoidal analysis. Half-life,
AUC, clearance and volume distribution specifications were
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calculated and the output parameters were studied in com-
parison between groups of experiments.
Experimental Materials

Experiment No. 05010:

A. NovoSeven® RT: (Lot #AU61553 prepared on 3

31.7.12%) FVIla concentration by A280: 0.86 mg/ml.
FVIla Staclot activity assay: 56,867 U/mg. Injected
dose: 946 pg/kg. *Pool of NovoSeven® aliquots, all
from the same Lot no.

B. Clone 28: MOD-5014 RS12-001: 0.77 mg/ml** based
on A280. FVIla Staclot activity assay: 34,162 U/mg.
Injected dose: 85 ug FvIla/kg.

Experiment No. 05034:

A. NovoSeven® RT: (Lot #AU61347 prepared on 1.1.13)
FVIlaconcentration by A280: 0.82 mg/ml, diluted to 0.4
mg/ml with sterile NS buffer. FVIla Staclot activity
assay: 55,688 U/mg. Injected dose: 360 pg/kg and
20,047.7 U/kg.
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D. Clone 61: MOD-5014 Batch 81 A: 2.36 mg/ml based on
A280, diluted to 0.89 mg/ml with formulation buffer.
Injected dose: 20,047.7 U/kg. FVIla clotting activity:
24,943 U/mg based on FVIIa Staclot activity assay.

Study Outlines
Experiment No. 05010

MOD-5014 and NovoSeven® were administered in a
single intravenous or subcutaneous injection to SD Rats in a
dose of 0.9 mg/kg body weight. Blood samples were drawn
from sinus orbital eye from 3 rats alternately at 0.5, 4, 8, 12,
24,34, 48 and 58 hours post dosing. Citrated plasma (0.32%)
was prepared immediately after sampling and stored at —20°
C. until analysis. The study was performed at “Science in
Action,” Nes-Ziona. FVIla clotting activity level was evalu-
ated and detailed PK analysis was performed at Prolor-Bio-
tech.

TABLE 57

Study design 05010

No. of
animals/ Time-
No. of  group/ Dose Points
Treated Test animals/ Time Dose Level Injected (hours
Groups Article group point Route Gender (ug/kg) Vol. (ul) post-dose)

A rFVIla 6 3 v M 946 220 0,0.5,4,8,
(Novo 12, 24, 34,
Seven ®) 48,58

B 1FVIla 6 3 v M 850 220 0,0.5,4,8,
RS12- 12, 24, 34,
001 48, 58
(clone
28)

C 1FVIla 6 3 SC M 946 220 0,0.5,4,8,
(Novo 12, 24, 34,
Seven ®) 48,58

D 1FVIla 6 3 SC M 850 220 0,0.5,4,8,
RS12- 12, 24, 34,
001 48, 58
(clone
28)

B. Clone 61: MOD-5014 Batch 75: 1.9 mg/m1** based on
A280, diluted to 0.89 mg/ml with formulation buffer.
Injected dose: 20,047.7 U/kg. FVIla clotting activity:
25,002* U/mg based on FVIla Staclot activity assay.

C. Clone 61: MOD-5014 Batch 81A: 2.36 mg/ml based on
A280 (filtered on the morning of study day and re-
measured at 280 nm), diluted to 0.4 mg/ml with formu-
lation buffer. Injected dose: 360 png FVIla/kg. FVIla
clotting activity: 24943 U/mg based on FVIla Staclot
activity assay.
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Experiment No. 05034

MOD-5014 and NovoSeven® were administered in a
single subcutaneous injection to SD Rats in a dose of 0.9
mg/kg body weight. Blood samples were drawn from sinus
orbital eye from 3 rats alternately at 0.5, 2, 4, 6, 8, 12, 24,34,
48 and 72 hours post dosing. Citrated plasma (0.32%) was
prepared immediately after sampling and stored at —20° C.
until analysis. The study was performed at “Science in
Action,” Nes-Ziona.

FVIla clotting activity level was evaluated and detailed PK
analysis was performed at Prolor-Biotech.

TABLE 58

Study design 05034

No. of
animals/ Dose Dose

group/ Level Level Time-

Time- Per Per Injected Points

Treated. Test point  Dose Animal  Animal Vol.  (hours
Groups Article #kk Route Gender (ug/kg) (Ukg) (ul)  post-dose)

A FVIla 3 SC M 360 20047.7 207 0,05,2,

(NovoSeven ®) 4,6,8,12,
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TABLE 58-continued
Study design 05034
No. of
animals/ Dose Dose
group/ Level Level Time-
Time- Per Per Injected Points
Treated. Test point  Dose Animal  Animal Vol.  (hours
Groups Atticle ##%  Route Gender (ug/kg) (U/kg) (ul)  post-dose)
24,34,
48,72
B FVIa 3 e M 801.84 200477 207 0,0.5,2,
75 4,6,8,12,
(clone 24,34, 48,
61) 72
C  FVIa 3 e M 360 8979.48 207 0,05,2,
81A 4,6,8,12,
(clone 24,34, 48,
61) 72
D FVIa 3 e M 803.74 200477 207 0,0.5,2,
81A 4,6,8,12,
(clone 24,34, 48,
61) 72
Results After background reduction: 15 mU/ml.
Y . . 25

FVIla activity in blood samples was quantitated using TABLE 60
STACLOT VIla-rTF kit (Stago). Pharmacokmetlc prqﬁle was PK parameters of MOD-5014 vs. NovoSeven
calculated for each protein and is the mean of 3 animals at following IV or SC administration
each time point. v

Experiment No. 05010 0 :

FIG. 35 presents the PK profile of FVIla following IV and Novoseven MOD-5014
SC administration of either NovoSeven® or MOD-5014. PK Parameters RT (A) (RS 12-001) (B)
Summary of FVIla activity values for each time point is -

. .. . . Half-life-a (0.5-4 hr) 0.24 1.04
presented in Table 59. IV and SC administration have differ- Half-life-p (4-58 hr) 131 317
ent PK pattern as presented in FIG. 35 similar to previous ., AUC o-inf mU/ml * h 702467.95 820778.67
results. The Cmax following IV injection is higher than that Vss [U/Kg/(mU/ml)] 0.13 0.13
obtained after SC injection, due to the presence of the drug CL [(U/Kg)/(mU/ml)h] 0.08 0.04
. . . - L MRT (hr) 1.74 3.62
immediately following administration in the blood (measured
at 0.5 hr, Table 59 and Table 60). However, after SC admin- B.SC
istration drug molecules transfer to intracellular matrix and ,
tissues, thus Cmax can be measured only after 2 hr from PK Paramet N‘E’Tosg’en RI;/I?ZD(;E?MC
injection. The total recovery of the drug after SC administra- arameters ® ( 00D (©
tion is lower than Cmax value after IV injection. Half-Life (hr) 1.40 778

8 hr after injection, Novoseven® manifested an equal PK Cmax (mU/ml) 21385.00 12018.33

pattern when injected by either IV or SC, (FIG. 35). More- AUC 0-inf (mU/ml * h) 115099.72 84158.87
lotting activity for the NovoSeven®-treated mice was » MRT O-inf (hr) 432 o4
over, ¢ g actvity 1o | VZ/F (U/Kg)/(mU/ml) 095 3.88
undetectable at time points later than 12 hours, while MOD- CUF (U/Kg)/(mU/mlyh 047 0.35
5014-treated mice continued to retain measurable activity at
58 hours post dosing (Table 59 and FIG. 35).
TABLE 59
FVIIa clotting activity of MOD-5014 vs. NovoSeven ®
following IV or SC administration
NovoSeven IV MOD-5014 1V NovoSeven SC MOD-5014 SC
Time A) ®) © )
(hr) mU/ml % CV mU/ml % CV mUml %CV mUml %CV

0.5 3046517 187 2328183 5.0 114917 24 36917 19.0

4 400683 7.8 620850 9.5 213850 22.6 120183 158

8 52767 2.5 259317 6.1 55250 325 64450 2.2

12 255.0 138 5633.3 9.3 297.7 414 9247 241
24 13 71 2513 118 13 892 2493 60.3
34 0.0 783 45 0.0 637 855
48 290 99 0.0 350 472
58 103 46 0.0 137 335
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Experiment No. 05034

FIG. 36 presents the PK profile of FVII a following SC
administration of either NovoSeven® or MOD-5017. Two
different batches of clone no. 61 (#75 and #81) were exam-
ined in the same concentration or the same activity units,
compared to NovoSeven®. Summary of FVIla activity values
for each time point is presented in Table 61.

The results indicate a similar PK pattern after SC admin-
istration corresponding to previous experiments. Moreover,
clotting activity for the NovoSeven® treated mice was unde-
tectable at time points later than 12 hours, while MOD-5014
treated mice continued to retain measurable activity at 24
hours post dosing (Table 61 and FIG. 36; and after back-
ground reduction: 56 mU/ml (8, 12 hr) or 32 mU/ml (0.5, 2, 6,
14 hr)).

Clone no. 61 batch #81 (D) Cmax (1,301 mU/ml) was
lower than the Cmax values of clone no. 61 batch #75 (B) and
NovoSeven® (A) (3,521 mU/ml and 5,908 mU/ml respec-
tively), although they were all injected by the same unit
activity (Table 61). However, batch #75 (B) and #81 (D) have
the same activity units (559 mU/ml and 478 mU/ml respec-
tively) measured 8 hr after injection (Table 61 and Table 62;
and after background reduction: 56 mU/ml (8, 12 hr) or 32
mU/ml (0.5, 2, 6, 14 hr)).

TABLE 61

128

activity following this modification. In these studies, SD rats

were administered with a single SC injection of MOD-5014

originated from two clones, and two difterent batches, com-

pared to recombinant commercial FVIla (NovoSeven®). The
5 components were injected at similar FVIla concentration (ug/
Kg) or at the same activity level (U/Kg) and the PK activity
based analysis was performed.

The purpose of the first study was to verify the different PK
parameters after IV and SC administration. Based on this
study we can conclude that there is a difference between the
PK pattern measured after IV or SC administration. A t of
7.78 hr measured after MOD-5014 SC injection, and only 4.2
hr after IV injection. AUC values were the same Table 60.

The second study however, focused on the differences
between two batches of MOD-5014 clone no. 61, which were
injected by the same FV1la concentration or at an equal activ-
ity unit, compared to NovoSeven®. In this study we showed
that clone 61 batch #75 manifested better PK parameters than
batch #81. Batch #81, which was injected by the same unit
activity level, had lower Cmax from an unknown reason.
Moreover, the same Cmax was measured when injecting
clone 61 batch #81 in two different doses (by FVIla concen-
tration or by unit activity), instead of2.5 fold between the two
activity values. Following analysis of both studies together,
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FVIIa clotting activity of MOD-5014 (Clone 61 #75, #81) vs.
NovoSeven ® following single SC administration.

MOD-5014
MOD-5014 Clone 61
Clone 61 Batch 81A (C) - MOD-5014
Batch 75 (B) - equal conc. Clone 61
NovoSeven ® equal FVIla Batch 81A (D) -
Time (A) U/kg ng/ke equal U/kg
(hr) mU/ml % CV mU/ml % CV mUml %CV mUml %CV
0.5 32713 46.5 350.3 26.6 101.3 241 2087 512
2 5908.0 18.1 3521.3 70.9 1294.7 7.0 1301.3  31.6
6 1411.7 23.6 1349.7 45.6 4253 276 663.0 13.4
8 1029.0 12.4 559.3 52.7 152.7 19.5 478.0 254
12 121.3 9.9 563.0 17.4 148.7 363 712.7 16.2
24 1.0 25.0 117.0 41.9 213 364 99.0 367

After background reduction: 56 mU/ml (8, 12 hr) or 32
mU/ml (0.5, 2, 6, 14 hr).

TABLE 62

we can conclude that clone 28 manifested a prolonged t'/*

parameter that clone 61 #75 (the better batch) after SC injec-

PK parameters of MOD-5014 (Clone 61 #75, #81) vs. NovoSeven ® following

single SC administration.

MOD-5014 Clone 61

MOD-5014 Clone 61

MOD-5014 Clone 61

PK NovoSeven ® Batch 75 (B)- equal ~ Batch 81A (C)- equal  Batch 81A (D)- equal
Parameters RT (A) Ulkg conc. FVIIa pg/kg Ulkg
Half-Life (hr) 1.67 5.70 4.62 6.41
Cmax (mU/ml) 5908.00 3521.33 1294.67 1301.33
AUC 0-inf 24688.18 20456.96 6260.23 13098.16
(mU/ml * h)

MRT 0-inf (hr) 3.73 7.86 6.40 10.59
Vz/F (UKg)/ 1.96 8.06 9.55 14.15
(mU/ml)

CUF (U/Kg)/ 0.81 0.98 143 1.53
(mU/ml)/h

This report summarized two PK studies; 05010 & 05034.
We aimed to provide specific insight on the impact of CTP
fusion to FVII on protein half-life and clearance in subcuta-
neous administration and address the paradigm of its specific

tion (7.78 hr and 5.7 hr respectively, Table 62). We can also
65 conclude that dissimilar time point samples create different
PK pattern, which lead to variation in the PK curves. The
patterns of the curves can teach us more about the drug
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behavior in the blood. Therefore, we decided to determine the
time points similar to those detected by Baxter (0, 0.5, 2, 6, 8,
12, 24, 34, 48, 72 hr). Moreover, the FVIla concentration in
05010 experiment was too high, and was revised in the fol-
lowing SC experiment (05034). For future PK studies, we
decided to inject the component at 360 pug FVIla/kg for a
dose.

Example 10

Wartarin Treated Rats as a Model for Evaluating
Factor VIIa In Vivo

Materials & Methods

PT Assessment:

SD rats were given orally 10 mg/Kg of Warfarin and at a
designated time point plasma was collected and prothrombin
time (PT) was measured using a standard procedure. In order
to assess the long term hemostatic effect Placebo, NovoSeven
or MOD-5014 were injected to the Warfarin treated animals
and PT was measured.

Tail Clip Challenge:

Warfarin treated animals were injected with Placebo,
NovoSeven or MOD-5014 at designated time points the ani-
mals were challenged by complete cut of the tail tip (0.5 cm
from the tip) and bleeding intensity was measured in gr for 30
min post transection.

Results

Warfarin Administration to SD-Rats Results in a Prolonga-
tion of PT and aPTT.

Warfarin prevent the reduction of vitamin K, and conse-
quently decreases vitamin K dependent coagulation factors
concentration in the blood. Male SD rats received oral treat-
ment of warfarin. The reduction of Vitamin K dependent
coagulation factors was accompanied by prolongation of PT
and aPTT. Results are presented in FIG. 37.

Due to coagulation-factors wash out from the blood, PT
and aPTT values increase gradually in the first 48 hours
following warfarin administration. The effect decreases after
that.

Warfarin Effect can be Restored by Acute IV Treatment with
NovoSeven or MOD-5014.

SD-rats received a pre-treatment of Warfarin. 24 hours
later, MOD-5014, NovoSeven or buffer were injected intra-
venous blood samples were drawn 15 minutes post injection.
15 min post injection, MOD-5014 as well as NovoSeven
successfully restored PT values to normal (FIG. 38).

The Effect of Increasing Dose of MOD-5014 and NovoSeven
on PT Values in Warfarin Treated Rats.

SD-rats were treated with 10 mg/Kg warfarin in parallel to
100-1000 pg/Kg MOD-5014 or NoveSeven 1V injection. 24
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hours post treatment, PT was determined in plasma samples.
NovoSeven injected 24 hours before PT determination, did
not have any significant effect on PT values in all the doses
tested. In contrast, MOD-5014 shows a dose-response behav-
ior 24 hours after administration (FIG. 39).

SD-rats were treated with 10 mg/Kg warfarin in parallel to
1000 pg/Kg MOD-5014 or NoveSeven 1V injection. PT was
determined in plasma samples 10, 24, 36 and 48 hours post
treatment. MOD-5014 restored PT values to normal up to 48
hours post dosing, while the effect of NovoSeven no longer
exists after 24 hours (FIG. 40).

MOD-5014’s Long Lasting Effect can be Demonstrated by
Tail Clip Assay in Warfarin Injected Rats

SD-rats were treated with Warfarin 24 hours before tail
clip. Rats were anesthetized and placed on a warm pad, the
tail tip was placed in 37° C. saline and a complete amputation
of the tail was performed 0.5 cm from tail tip. Blood was
collected for 30 minutes and blood loss was determined by
weight.

Vehicle or 500 pug/Kg MOD-5014 or NovoSeven was
administrated 15 min, 24 or 48 hours before tail clip. Results
are presented in FIG. 41. Rats treated with warfarin lost 5 fold
more blood than naive rats. 15 min post injection, tail clip of
MOD-5014 and Novoseven treated rats resulted in reduced
bleeding which is comparable to naive rats. The effect of
MOD-5014 is completely preserved 24 hours post injection,
and partially preserved after 48 hours.

Sub-Cutaneous Injection of MOD-5014 is Also Demonstrat-
ing a Long Lasting Effect.

SD-rats were treated with 10 mg/Kg warfarin in parallel to
2000 ng/Kg MOD-5014 or NoveSeven SC injection. PT was
determined in plasma samples 10, 24, 36 and 48 hours post
treatment.

MOD-5014 is able to restore PT values to normal up to 48
hours post dosing, while the effect of NovoSeven no longer
exists after 24 hours (FIG. 42).

SC Injection of MOD-5014 Reduces Blood Loss for at 48
Hours.

SD-rats were treated with Warfarin 24 hours before tail
clip. Rats were anesthetized and placed on a warm pad, the
tail tip was placed in 37° C. saline and a complete amputation
of the tail was performed 0.5 cm from tail tip. Blood was
collected for 30 minutes and blood loss was determined by
weight.

Vehicle or 1000 ng/Kg MOD-5014 or NovoSeven was SC
administrated 15 min, 24 or 48 hours before tail clip. Results
are presented in FIG. 43.

While certain features of the invention have been illus-
trated and described herein, many modifications, substitu-
tions, changes, and equivalents will now occur to those of
ordinary skill in the art. It is, therefore, to be understood that
the appended claims are intended to cover all such modifica-
tions and changes as fall within the true spirit of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 47
<210> SEQ ID NO 1

<211> LENGTH: 32

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Asp Pro Arg Phe Gln Asp Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser

1 5 10

15
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131 132

-continued

Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu
20 25 30

<210> SEQ ID NO 2

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg
1 5 10 15

Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln
20 25

<210> SEQ ID NO 3

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg
1 5 10 15

Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln
20 25

<210> SEQ ID NO 5

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer for Factor VII

<400> SEQUENCE: 5

ctcgaggaca tggtctceca ggccce 25

<210> SEQ ID NO 6

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer for Factor VII

<400> SEQUENCE: 6

tctagaatag gtatttttcc acat 24

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer for Factor VII

<400> SEQUENCE: 7

tctagaaaaa agaaatgcca gc 22
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134

<210>
<211>
<212>
<213>
<220>
<223>

<400> SEQUENCE:

32

SEQ ID NO 8
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: PCR primer for Factor VII

8

geggecgeat cctcagggaa atggggeteg ca

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Val Ser Gln

1

Gly

Leu

Gly

Ala

65

Ser

Gly

Ala

Cys

Gly

145

Asp

Pro

Gly

Leu

Trp

225

Asn

Asp

Pro

Thr
305

Cys

His

Ser

50

Arg

Tyr

Ser

Phe

Val

130

Thr

Gly

Ile

Gly

Val

210

Val

Leu

Glu

Pro

Val
290

Phe

Leu

Arg

35

Leu

Glu

Ser

Cys

Glu

115

Asn

Lys

Val

Leu

Lys

195

Asn

Val

Ile

Gln

Gly
275

Val

Ser

Ala

Arg

Glu

Ile

Asp

Lys

100

Gly

Glu

Arg

Ser

Glu

180

Val

Gly

Ser

Ala

Ser
260
Thr

Leu

Glu

444

Homo sapiens

9

Ala

Ala

Arg

Arg

Phe

Gly

Asp

Arg

Asn

Ser

Cys

165

Lys

Cys

Ala

Ala

Val

245

Arg

Thr

Thr

Arg

Leu

Val

Arg

Glu

Lys

70

Asp

Gln

Asn

Gly

Cys

150

Thr

Arg

Pro

Gln

Ala

230

Leu

Arg

Asn

Asp

Thr
310

Arg

Phe

Ala

Cys

55

Asp

Gln

Leu

Cys

Gly

135

Arg

Pro

Asn

Lys

Leu

215

His

Gly

Val

His

His

295

Leu

Leu

Val

Asn

40

Lys

Ala

Cys

Gln

Glu

120

Cys

Cys

Thr

Ala

Gly

200

Cys

Cys

Glu

Ala

Asp
280

Val

Ala

Leu

Thr

25

Ala

Glu

Glu

Ala

Ser

105

Thr

Glu

His

Val

Ser

185

Glu

Gly

Phe

His

Gln
265
Ile

Val

Phe

Cys Leu
10

Gln Glu

Phe Leu

Glu Gln

Arg Thr
75

Ser Ser
90

Tyr Ile

His Lys

Gln Tyr

Glu Gly

155

Glu Tyr
170

Lys Pro

Cys Pro

Gly Thr

Asp Lys

235

Asp Leu

250

Val Ile

Ala Leu

Pro Leu

Val Arg
315

Leu

Glu

Glu

Cys

60

Lys

Pro

Cys

Asp

Cys

140

Tyr

Pro

Gln

Trp

Leu

220

Ile

Ser

Ile

Leu

Cys
300

Phe

Leu

Ala

Glu

45

Ser

Leu

Cys

Phe

Asp

125

Ser

Ser

Cys

Gly

Gln

205

Ile

Lys

Glu

Pro

Arg
285

Leu

Ser

Gly

His

Leu

Phe

Phe

Gln

Cys

110

Gln

Asp

Leu

Gly

Arg

190

Val

Asn

Asn

His

Ser

270

Leu

Pro

Leu

Leu

15

Gly

Arg

Glu

Trp

Asn

95

Leu

Leu

His

Leu

Lys

175

Ile

Leu

Thr

Trp

Asp

255

Thr

His

Glu

Val

Gln

Val

Pro

Glu

Ile

80

Gly

Pro

Ile

Thr

Ala

160

Ile

Val

Leu

Ile

Arg

240

Gly

Tyr

Gln

Arg

Ser
320
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-continued

136

Gly

Arg

Gly

Pro

385

Ser

Arg

Pro

Trp

Leu

Lys

Tyr

370

His

Trp

Val

Arg

Gly

Asn

Val

355

Ser

Ala

Gly

Ser

Pro
435

Gln

Val

340

Gly

Asp

Thr

Gln

Gln

420

Gly

Leu Leu Asp Arg
325

Pro Arg Leu Met
Asp Ser Pro Asn
360

Gly Ser Lys Asp
375

His Tyr Arg Gly
390

Gly Cys Ala Thr
405

Tyr Ile Glu Trp

Val Leu Leu Arg
440

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Val Ser Gln

1

Gly

Leu

Gly

Ala

65

Ser

Gly

Ala

Cys

Gly

145

Asp

Pro

Gly

Leu

Trp
225

Asn

Cys

His

Ser

50

Arg

Tyr

Ser

Phe

Val

130

Thr

Gly

Ile

Gly

Val
210

Val

Leu

Leu

Arg

35

Leu

Glu

Ser

Cys

Glu

115

Asn

Lys

Val

Leu

Lys

195

Asn

Val

Ile

Ala

Arg

Glu

Ile

Asp

Lys

100

Gly

Glu

Arg

Ser

Glu

180

Val

Gly

Ser

Ala

448

Homo sapiens
10

Ala Leu Arg Leu

Ala Val Phe Val

Arg Arg Ala Asn

40

Arg Glu Cys Lys
55

Phe Lys Asp Ala
70

Gly Asp Gln Cys

Asp Gln Leu Gln

Arg Asn Cys Glu
120

Asn Gly Gly Cys
135

Ser Cys Arg Cys
150

Cys Thr Pro Thr
165

Lys Arg Asn Ala
Cys Pro Lys Gly
200

Ala Gln Leu Cys
215

Ala Ala His Cys
230

Val Leu Gly Glu

Gly

Thr

345

Ile

Ser

Thr

Val

Leu

425

Ala

Leu

Thr

25

Ala

Glu

Glu

Ala

Ser

105

Thr

Glu

His

Val

Ser

185

Glu

Gly

Phe

His

Ala

330

Gln

Thr

Cys

Trp

Gly

410

Gln

Pro

Cys

10

Gln

Phe

Glu

Arg

Ser

90

Tyr

His

Gln

Glu

Glu

170

Lys

Cys

Gly

Asp

Asp

Thr

Asp

Glu

Lys

Tyr

395

His

Lys

Phe

Leu

Glu

Leu

Gln

Thr

75

Ser

Ile

Lys

Tyr

Gly

155

Tyr

Pro

Pro

Thr

Lys
235

Leu

Ala

Cys

Tyr

Gly

380

Leu

Phe

Leu

Pro

Leu

Glu

Glu

Cys

60

Lys

Pro

Cys

Asp

Cys

140

Tyr

Pro

Gln

Trp

Leu
220

Ile

Ser

Leu

Leu

Met

365

Asp

Thr

Gly

Met

Leu

Ala

Glu

45

Ser

Leu

Cys

Phe

Asp

125

Ser

Ser

Cys

Gly

Gln
205
Ile

Lys

Glu

Glu

Gln

350

Phe

Ser

Gly

Val

Arg
430

Gly

His

Leu

Phe

Phe

Gln

Cys

110

Gln

Asp

Leu

Gly

Arg

190

Val

Asn

Asn

His

Leu

335

Gln

Cys

Gly

Ile

Tyr

415

Ser

Leu

15

Gly

Arg

Glu

Trp

Asn

95

Leu

Leu

His

Leu

Lys

175

Ile

Leu

Thr

Trp

Asp

Met

Ser

Ala

Gly

Val

400

Thr

Glu

Gln

Val

Pro

Glu

Ile

80

Gly

Pro

Ile

Thr

Ala

160

Ile

Val

Leu

Ile

Arg
240

Gly
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-continued
245 250 255
Asp Glu Gln Ser Arg Arg Val Ala Gln Val Ile Ile Pro Ser Thr Tyr
260 265 270
Val Pro Gly Thr Thr Asn His Asp Ile Ala Leu Leu Arg Leu His Gln
275 280 285
Pro Val Val Leu Thr Asp His Val Val Pro Leu Cys Leu Pro Glu Arg
290 295 300
Thr Phe Ser Glu Arg Thr Leu Ala Phe Val Arg Phe Ser Leu Val Ser
305 310 315 320
Gly Trp Gly Gln Leu Leu Asp Arg Gly Ala Thr Ala Leu Glu Leu Met
325 330 335
Val Leu Asn Val Pro Arg Leu Met Thr Gln Asp Cys Leu Gln Gln Ser
340 345 350
Arg Lys Val Gly Asp Ser Pro Asn Ile Thr Glu Tyr Met Phe Cys Ala
355 360 365
Gly Tyr Ser Asp Gly Ser Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly
370 375 380
Pro His Ala Thr His Tyr Arg Gly Thr Trp Tyr Leu Thr Gly Ile Val
385 390 395 400
Ser Trp Gly Gln Gly Cys Ala Thr Val Gly His Phe Gly Val Tyr Thr
405 410 415
Arg Val Ser Gln Tyr Ile Glu Trp Leu Gln Lys Leu Met Arg Ser Glu
420 425 430
Pro Arg Pro Gly Val Leu Leu Arg Ala Pro Phe Pro Gly Cys Gly Arg
435 440 445
<210> SEQ ID NO 11
<211> LENGTH: 1356
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
ctecgaggaca tggtctecca ggccctecagg ctectetgee ttetgettgg gettcaggge 60
tgcctggetyg cagtettegt aacccaggag gaagcccacyg gegtectgea ccggegecgg 120
cgegecaacyg cgttectgga ggagetgegg cegggctecee tggagaggga gtgcaaggag 180
gagcagtgcet ccttecgagga ggcccgggag atcttcaagg acgcggagag gacgaagcetg 240
ttectggattt cttacagtga tggggaccag tgtgcctcaa gtcecatgeca gaatggggge 300
tcctgcaagg accagcetceca gtcectatate tgettetgece teectgectt cgagggecgg 360
aactgtgaga cgcacaagga tgaccagctg atctgtgtga acgagaacgyg cggctgtgag 420
cagtactgca gtgaccacac gggcaccaag cgctcctgte ggtgccacga ggggtactcet 480
ctgctggcag acggggtgtce ctgcacaccce acagttgaat atccatgtgg aaaaatacct 540
attctagaaa aaagaaatgc cagcaaaccce caaggccgaa ttgtgggggyg caaggtgtge 600
cccaaagggg agtgtcecatg gcaggtectg ttgttggtga atggagcetca gttgtgtggg 660
gggaccctga tcaacaccat ctgggtggtce tccgeggece actgtttega caaaatcaag 720
aactggagga acctgatcgce ggtgctggge gagcacgacce tcagcgagca cgacggggat 780
gagcagagece ggegggtgge gcaggtcatce atccccagca cgtacgtecce gggcaccacce 840
aaccacgaca tcgegetget ccgcectgeac cageccegtgg tectcactga ccatgtggtyg 900
ccectetgee tgcccgaacg gacgttetet gagaggacge tggecttegt gegettcetca 960
ttggtcagcg gectggggeca getgctggac cgtggcgceca cggccctgga getcatggte 1020
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140

ctcaacgtge

tccccaaata

tgcaaggggg

ggcatcgtca

gtcteccagt

cteectgegag

cceggetgat

tcacggagta

acagtggagg

gctggggcca

acatcgagtyg

ccccatttec

<210> SEQ ID NO 12
<211> LENGTH: 1442

<212> TYPE:

DNA

gacccaggac

catgttetgt

cccacatgec

gggctgcgca

gctgcaaaag

ctgaggatge

tgcctgcage agtcacggaa

geeggetact cggatggcag

acccactacce ggggcacgtyg

accgtgggee actttggggt

ctcatgeget cagagccacyg

ggccgce

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 12

ctcgaggaca

tgcctggetyg

cgegecaacy

gagcagtgcet

ttetggattt

tcctgcaagy

aactgtgaga

cagtactgca

ctgetggeag

attctagaaa

cccaaaggygy

gggaccctga

aactggagga

gagcagagcce

aaccacgaca

cceetetgee

ttggtcageg

ctcaacgtge

tccccaaata

tgcaaggggg

ggcatcgtga

gtgtcccagt

ctgectgagag

cctageagac

gc

tggtcteeca

cagtcttegt

cgttectgga

ccttegagga

cttacagtga

accagctcca

cgcacaagga

gtgaccacac

acggggtgtc

aaagaaatgc

agtgtccatg

tcaacaccat

acctgatege

ggegggtgge

tegegetget

tgccegaacy

gctggggcca

cceggetgat

tcacggagta

acagtggagg

gctggggcca

acatcgagtyg

ccececttece

tgcctgggec

<210> SEQ ID NO 13
<211> LENGTH: 472

<212> TYPE:

PRT

ggcectcagyg
aacccaggag
ggagctgegg
ggccecgggag

tggggaccag

gtcctatatce

tgaccagetyg

gggcaccaag

ctgcacacce

cagcaaaccc

gcaggtecty

ctgggtggtc

ggtgctggge

gcaggtcatce

cegectgeac

gacgttctet

getgetggac

gacccaggac

catgttetgt

cccacatgec

gggctgcgcc

getgcagaaa

cagcagcage

cagcgacacc

ctcectetgee ttetgettygy

gaagcccacg gegtectgea

cegggetece tggagaggga

atcttcaagyg acgcggagag

tgtgcctcaa gtccatgeca

tgcttetgee teectgectt

atctgtgtga acgagaacgg

cgctectgte ggtgccacga

acagttgaat atccatgtgg

caaggccgaa ttgtgggggg

ttgttggtga atggagctca

tcegeggece actgtttega

gagcacgace tcagcgagca

atccccageca cgtacgtcece

cagccegtgyg tectcactga

gagaggacgce tggccttegt

cgtggegeca cggecctgga

tgcctgcage agtcacggaa

geeggetact cggatggcag

acccactacce ggggcacgtyg

accgtgggee actteggegt

ctgatgagaa gcgagcccag

tccaaggece cteccectag

cccatectge cccagtgagyg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

ggtgggagac
caaggactcc
gtacctgacg
gtacaccagg

cccaggagte

gettcaggge

ccggcecgecgg

gtgcaaggag

gacgaagcetg

gaatgggggce

¢gagggceegy

cggctgtgag

ggggtactct

aaaaatacct

caaggtgtge

gttgtgtggg

caaaatcaag

cgacggggat

gggcaccacce

ccatgtggty

gegettetca

gctecatggte

ggtgggagac

caaggactcc

gtacctgacce

gtacaccagg

acceggegty

cctgeccage

atcecgeggec

1080

1140

1200

1260

1320

1356

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1442
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-continued

142

<223> OTHER INFORMATION: CTP-modified Factor VII
<400> SEQUENCE: 13

Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu
1 5 10 15

Gly Cys Leu Ala Ala Val Phe Val Thr Gln Glu Glu Ala His Gly
20 25 30

Leu His Arg Arg Arg Arg Ala Asn Ala Phe Leu Glu Glu Leu Arg
35 40 45

Gly Ser Leu Glu Arg Glu Cys Lys Glu Glu Gln Cys Ser Phe Glu
50 55 60

Ala Arg Glu Ile Phe Lys Asp Ala Glu Arg Thr Lys Leu Phe Trp
65 70 75

Ser Tyr Ser Asp Gly Asp Gln Cys Ala Ser Ser Pro Cys Gln Asn
85 90 95

Gly Ser Cys Lys Asp Gln Leu Gln Ser Tyr Ile Cys Phe Cys Leu
100 105 110

Ala Phe Glu Gly Arg Asn Cys Glu Thr His Lys Asp Asp Gln Leu
115 120 125

Cys Val Asn Glu Asn Gly Gly Cys Glu Gln Tyr Cys Ser Asp His
130 135 140

Gly Thr Lys Arg Ser Cys Arg Cys His Glu Gly Tyr Ser Leu Leu
145 150 155

Asp Gly Val Ser Cys Thr Pro Thr Val Glu Tyr Pro Cys Gly Lys
165 170 175

Pro Ile Leu Glu Lys Arg Asn Ala Ser Lys Pro Gln Gly Arg Ile
180 185 190

Gly Gly Lys Val Cys Pro Lys Gly Glu Cys Pro Trp Gln Val Leu
195 200 205

Leu Val Asn Gly Ala Gln Leu Cys Gly Gly Thr Leu Ile Asn Thr
210 215 220

Trp Val Val Ser Ala Ala His Cys Phe Asp Lys Ile Lys Asn Trp
225 230 235

Asn Leu Ile Ala Val Leu Gly Glu His Asp Leu Ser Glu His Asp
245 250 255

Asp Glu Gln Ser Arg Arg Val Ala Gln Val Ile Ile Pro Ser Thr
260 265 270

Val Pro Gly Thr Thr Asn His Asp Ile Ala Leu Leu Arg Leu His
275 280 285

Pro Val Val Leu Thr Asp His Val Val Pro Leu Cys Leu Pro Glu
290 295 300

Thr Phe Ser Glu Arg Thr Leu Ala Phe Val Arg Phe Ser Leu Val
305 310 315

Gly Trp Gly Gln Leu Leu Asp Arg Gly Ala Thr Ala Leu Glu Leu
325 330 335

Val Leu Asn Val Pro Arg Leu Met Thr Gln Asp Cys Leu Gln Gln
340 345 350

Arg Lys Val Gly Asp Ser Pro Asn Ile Thr Glu Tyr Met Phe Cys
355 360 365

Gly Tyr Ser Asp Gly Ser Lys Asp Ser Cys Lys Gly Asp Ser Gly
370 375 380

Pro His Ala Thr His Tyr Arg Gly Thr Trp Tyr Leu Thr Gly Ile
385 390 395

Gln

Val

Pro

Glu

Ile

80

Gly

Pro

Ile

Thr

Ala

160

Ile

Val

Leu

Ile

Arg

240

Gly

Tyr

Gln

Arg

Ser

320

Met

Ser

Ala

Gly

Val
400
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144

Ser Trp Gly

Arg Val Ser

Pro Arg Pro

435

Lys Ala Pro
450

Ser Asp Thr
465

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Gly Cys Ala Thr

405

Gln Tyr Ile Glu Trp

420

Gly Val Leu Leu Arg

440

Pro Pro Ser Leu Pro

455

Pro Ile Leu Pro Gln
470

D NO 14
H: 1535
DNA

Val Gly His Phe Gly Val Tyr Thr

410

415

Leu Gln Lys Leu Met Arg Ser Glu

425

430

Ala Pro Phe Pro Ser Ser Ser Ser

445

Ser Pro Ser Arg Leu Pro Gly Pro

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

460

<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 14

ctcgaggaca

tgcctggetyg

cgegecaacy

gagcagtgcet

ttetggattt

tcctgcaagy

aactgtgaga

cagtactgca

ctgetggeag

attctagaaa

cccaaaggygy

gggaccctga

aactggagga

gagcagagcce

aaccacgaca

cceetetgee

ttggtcageg

ctcaacgtge

tccccaaata

tgcaaggggg

ggcatcgtga

gtgtcccagt

ctgectgagag

cctageagac

gecectecte

ctgecteagt

<210> SEQ I

tggtcteeca

cagtcttegt

cgttectgga

ccttegagga

cttacagtga

accagctcca

cgcacaagga

gtgaccacac

acggggtgtc

aaagaaatgc

agtgtccatg

tcaacaccat

acctgatege

ggegggtgge

tegegetget

tgccegaacy

gctggggcca

cceggetgat

tcacggagta

acagtggagg

gctggggcca

acatcgagtyg

ccececttece

tgcctgggec

catcecetgec

gatgaaggtce

D NO 15

ggcectcagyg

aacccaggag

ggagctgegg

dgcccgggayg

tggggaccag

gtcctatatce

tgaccagetyg

gggcaccaag

ctgcacacce

cagcaaaccc

gcaggtecty

ctgggtggtc

ggtgctggge

gcaggtcatce

cegectgeac

gacgttctet

getgetggac

gacccaggac

catgttetgt

cccacatgec

gggctgcgcc

getgcagaaa

cagcagcage

ctcecgacaca

atcccectcec

tggatcecgeg

ctectetgee

gaagcccacyg

cegggetece

atcttcaagg

tgtgcctcaa

tgcttetgee

atctgtgtga

cgctectgte

acagttgaat

caaggccgaa

ttgttggtga

tcegeggece

gagcacgace

atccccagea

cagccegtygyg

gagaggacgce

cgtggegeca

tgcctgcage

gecggetact

acccactacc

accgtgggec

ctgatgagaa

tccaaggece

ccaatcctge

cggetgecag

gecge

ttetgettgg

gegtectgea

tggagaggga

acgcggagag

gtccatgeca

tcecectgectt

acgagaacgg

ggtgccacga

atccatgtgyg

ttgtgggggy

atggagctca

actgtttcga

tcagcgagca

cgtacgtece

tcctcactga

tggeccttegt

cggecctgga

agtcacggaa

cggatggcag

ggggcacgtg

acttcggegt

gegageccag

ctcecectag

cacagagcag

gecectetga

gettcaggge

ccggcecgecgg

gtgcaaggag

gacgaagcetg

gaatgggggce

¢gagggceegy

cggctgtgag

ggggtactct

aaaaatacct

caaggtgtge

gttgtgtggg

caaaatcaag

cgacggggat

gggcaccacce

ccatgtggty

gegettetca

gctecatggte

ggtgggagac

caaggactcc

gtacctgacce

gtacaccagg

acceggegty

cctgeccage

ctcctetaag

cacccctate

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1535



US 9,249,407 B2
145 146

-continued

<211> LENGTH: 500

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 15

Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu Leu Leu Gly Leu Gln
1 5 10 15

Gly Cys Leu Ala Ala Val Phe Val Thr Gln Glu Glu Ala His Gly Val
Leu His Arg Arg Arg Arg Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro
35 40 45

Gly Ser Leu Glu Arg Glu Cys Lys Glu Glu Gln Cys Ser Phe Glu Glu
50 55 60

Ala Arg Glu Ile Phe Lys Asp Ala Glu Arg Thr Lys Leu Phe Trp Ile
65 70 75 80

Ser Tyr Ser Asp Gly Asp Gln Cys Ala Ser Ser Pro Cys Gln Asn Gly
Gly Ser Cys Lys Asp Gln Leu Gln Ser Tyr Ile Cys Phe Cys Leu Pro
100 105 110

Ala Phe Glu Gly Arg Asn Cys Glu Thr His Lys Asp Asp Gln Leu Ile
115 120 125

Cys Val Asn Glu Asn Gly Gly Cys Glu Gln Tyr Cys Ser Asp His Thr
130 135 140

Gly Thr Lys Arg Ser Cys Arg Cys His Glu Gly Tyr Ser Leu Leu Ala
145 150 155 160

Asp Gly Val Ser Cys Thr Pro Thr Val Glu Tyr Pro Cys Gly Lys Ile
165 170 175

Pro Ile Leu Glu Lys Arg Asn Ala Ser Lys Pro Gln Gly Arg Ile Val
180 185 190

Gly Gly Lys Val Cys Pro Lys Gly Glu Cys Pro Trp Gln Val Leu Leu
195 200 205

Leu Val Asn Gly Ala Gln Leu Cys Gly Gly Thr Leu Ile Asn Thr Ile
210 215 220

Trp Val Val Ser Ala Ala His Cys Phe Asp Lys Ile Lys Asn Trp Arg
225 230 235 240

Asn Leu Ile Ala Val Leu Gly Glu His Asp Leu Ser Glu His Asp Gly
245 250 255

Asp Glu Gln Ser Arg Arg Val Ala Gln Val Ile Ile Pro Ser Thr Tyr
260 265 270

Val Pro Gly Thr Thr Asn His Asp Ile Ala Leu Leu Arg Leu His Gln
275 280 285

Pro Val Val Leu Thr Asp His Val Val Pro Leu Cys Leu Pro Glu Arg
290 295 300

Thr Phe Ser Glu Arg Thr Leu Ala Phe Val Arg Phe Ser Leu Val Ser
305 310 315 320

Gly Trp Gly Gln Leu Leu Asp Arg Gly Ala Thr Ala Leu Glu Leu Met
325 330 335

Val Leu Asn Val Pro Arg Leu Met Thr Gln Asp Cys Leu Gln Gln Ser
340 345 350

Arg Lys Val Gly Asp Ser Pro Asn Ile Thr Glu Tyr Met Phe Cys Ala
355 360 365

Gly Tyr Ser Asp Gly Ser Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly
370 375 380
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-continued

148

Pro His Ala

385

Thr His Tyr Arg Gly
390

Ser Trp Gly Gln Gly Cys Ala Thr

Arg Val Ser

Pro Arg Pro
435

Lys Ala Pro

450

Ser Asp Thr

465

405

Gln Tyr Ile Glu Trp

420

Gly Val Leu Leu Arg

440

Pro Pro Ser Leu Pro

455

Pro Ile Leu Pro Gln
470

Pro Ser Leu Pro Ser Pro Ser Arg

Ile Leu Pro

485

Gln
500

<210> SEQ ID NO 16
<211> LENGTH: 1404

<212> TYPE

: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

gegatcgeca

gecttttagyg

acaaaattct

ggaaccttga

ttgaaaacac

agtccaatcc

ggtgtceett

atggcagatg

ctgagggata

gtggaagagt

atgtggacta

cccaatcatt

tcecettggea

atgaaaaatg

tcgcaggtga

gaattattce

ttctggaact

acaaggaata

gagtctteca

accgagecac

gettecatga

aagtggaagg

aaggcaaata

tgcagcgegt
atatctactc
gaatcggcca
gagagaatgt
tgaaagaaca
atgtttaaat
tggatttgaa
cgagcagttt
tcgacttgea
ttctgtttea
tgtaaattct
taatgacttc
ggttgtttty
gattgtaact
acataatatt
tcaccacaac
ggacgaacce

cacgaacatc

caaagggaga

atgtcttega

aggaggtaga

gaccagttte

tggaatatat

gaacatgatc

agtgctgaat

aagaggtata

atggaagaaa

actgaatttt

ggcggcagtt

ggaaagaact

tgtaaaaata

gaaaaccaga

caaacttcta

actgaagetg

actcgagttyg

aatggtaaag

getgeccact

daggagacag

tacaatgcag

ttagtgctaa

ttcctcaaat

tcagctttag

tctacaaagt

gattcatgte

ttaactggaa

accaaggtat

Thr

Val

Leu

425

Ala

Ser

Ser

Leu

Trp

Gly

410

Gln

Pro

Pro

Ser

Pro
490

Tyr

395

His

Lys

Phe

Ser

Ser

475

Gly

atggcagaat

gtacagtttt

attcaggtaa

agtgtagttt

ggaagcagta

gcaaggatga

gtgaattaga

gtgctgataa

agtcctgtga

agctcacceg

aaaccatttt

ttggtggaga

ttgatgcatt

gtgttgaaac

aacatacaga

ctattaataa

acagctacgt

ttggatctygg

ttctccagta

tcaccatcta

aaggagatag

ttattagetg

cceggtatgt

Leu Thr Gly Ile Val

Phe Gly Val

Leu Met Arg
430

Pro Ser Ser

445

Arg Leu Pro

460

Ser Lys Ala

Pro Ser Asp

caccaggect
tcttgatcat
attggaagag
tgaagaagca
tgttgatgga
cattaattcc
tgtaacatgt
caaggtggtt
accagcagtyg
tgctgagact
ggataacatc
agatgccaaa
ctgtggagge
tggtgttaaa
gcaaaagcga
gtacaaccat
tacacctatt
ctatgtaagt
ccttagagtt
taacaacatg
tgggggacce
gggtgaagag

caactggatt

400

Tyr Thr
415

Ser Glu

Ser Ser

Gly Pro

Pro Pro

480

Thr Pro
495

catcaccatt
gaaaacgcca
tttgttcaag
cgagaagttt
gatcagtgtyg
tatgaatgtt
aacattaaga
tgctcctgta
ccatttccat
gttttteety
actcaaagca
ccaggtcaat
tctategtta
attacagttyg
aatgtgattc
gacattgcce
tgcattgetyg
ggctggggaa
ccacttgtty
ttctgtgety
catgttactg
tgtgcaatga

aaggaaaaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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-continued

150

caaagctcac ttgaacgegg ccge

<210> SEQ ID NO 17

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gln Arg Val

1

Ile

Asp

Ser

Met

65

Thr

Cys

Asn

Glu

Cys

145

Tyr

Pro

Glu

Thr

Thr

225

Gln

Tyr
305

Leu

Ala

Cys

His

Gly

50

Glu

Glu

Glu

Ser

Leu

130

Lys

Arg

Cys

Thr

Ile

210

Arg

Val

Asn

Lys

Thr

290

Asn

Asp

Asp

Ser

Leu

Glu

35

Lys

Glu

Arg

Ser

Tyr

115

Asp

Asn

Leu

Gly

Val

195

Leu

Val

Val

Glu

Ile

275

Glu

Ala

Glu

Lys

Gly
355

Leu

20

Asn

Leu

Lys

Thr

Asn

100

Glu

Val

Ser

Ala

Arg

180

Phe

Asp

Val

Leu

Lys

260

Thr

Gln

Ala

Pro

Glu

340

Trp

461

Homo sapiens

17

Asn Met

Gly Tyr

Ala Asn

Glu Glu

Cys Ser
70

Thr Glu
85

Pro Cys

Cys Trp

Thr Cys

Ala Asp
150

Glu Asn
165

Val Ser

Pro Asp

Asn Ile

Gly Gly
230

Asn Gly
245

Trp Ile

Val Val

Lys Arg

Ile Asn
310

Leu Val
325

Tyr Thr

Gly Arg

Ile

Leu

Lys

Phe

55

Phe

Phe

Leu

Cys

Asn

135

Asn

Gln

Val

Val

Thr

215

Glu

Lys

Val

Ala

Asn

295

Lys

Leu

Asn

Val

Met

Leu

Ile

40

Val

Glu

Trp

Asn

Pro

120

Ile

Lys

Lys

Ser

Asp

200

Gln

Asp

Val

Thr

Gly

280

Val

Tyr

Asn

Ile

Phe
360

Ala

Ser

25

Leu

Gln

Glu

Lys

Gly

105

Phe

Lys

Val

Ser

Gln

185

Tyr

Ser

Ala

Asp

Ala

265

Glu

Ile

Asn

Ser

Phe

345

His

Glu

10

Ala

Asn

Gly

Ala

Gln

90

Gly

Gly

Asn

Val

Cys

170

Thr

Val

Thr

Lys

Ala

250

Ala

His

Arg

His

Tyr

330

Leu

Lys

Ser

Glu

Arg

Asn

Arg

75

Tyr

Ser

Phe

Gly

Cys

155

Glu

Ser

Asn

Gln

Pro

235

Phe

His

Asn

Ile

Asp

315

Val

Lys

Gly

Pro

Cys

Pro

Leu

60

Glu

Val

Cys

Glu

Arg

140

Ser

Pro

Lys

Ser

Ser

220

Gly

Cys

Cys

Ile

Ile

300

Ile

Thr

Phe

Arg

Gly

Thr

Lys

45

Glu

Val

Asp

Lys

Gly

125

Cys

Cys

Ala

Leu

Thr

205

Phe

Gln

Gly

Val

Glu

285

Pro

Ala

Pro

Gly

Ser
365

Leu

Val

Arg

Arg

Phe

Gly

Asp

110

Lys

Glu

Thr

Val

Thr

190

Glu

Asn

Phe

Gly

Glu

270

Glu

His

Leu

Ile

Ser
350

Ala

Ile

15

Phe

Tyr

Glu

Glu

Asp

95

Asp

Asn

Gln

Glu

Pro

175

Arg

Ala

Asp

Pro

Ser

255

Thr

Thr

His

Leu

Cys
335

Gly

Leu

Thr

Leu

Asn

Cys

Asn

80

Gln

Ile

Cys

Phe

Gly

160

Phe

Ala

Glu

Phe

Trp

240

Ile

Gly

Glu

Asn

Glu
320
Ile

Tyr

Val

1404
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152

Leu Gln Tyr
370

Ser Thr Lys
385

Glu Gly Gly

Thr Glu Val

Glu Glu Cys
435

Arg Tyr Val
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Arg Val Pro Leu

375

Phe Thr Ile Tyr Asn
390

Arg Asp Ser Cys Gln

405

Glu Gly Thr Ser Phe

420

Ala Met Lys Gly Lys

440

Asn Trp Ile Lys Glu

D NO 18
H: 1502
DNA

455

Val Asp Arg
Asn Met Phe
395

Gly Asp Ser
410

Leu Thr Gly
425

Tyr Gly Ile

Lys Thr Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Ala Thr Cys
380

Cys Ala Gly

Gly Gly Pro

Ile Ile Ser

430

Tyr Thr Lys
445

Leu Thr
460

<223> OTHER INFORMATION: CTP-modified Factor IX

<400> SEQUENCE: 18

gegatcgeca

tgccttttag

aacaaaattc

gggaaccttyg

tttgaaaaca

gagtccaatc

tggtgtcect

aatggcagat

actgagggat

tgtggaagag

gatgtggact

acccaatcat

ttcecttgge

aatgaaaaat

gtcgcaggtg

cgaattatte

cttetggaac

gacaaggaat

agagtcttee

gaccgagcca

ggcttecaty

gaagtggaag

aaaggcaaat

acaaagctca

ctgectggge

gc

tgcagcgegt

gatatctact

tgaatcggec

agagagaatg

ctgaaagaac

catgtttaaa

ttggatttga

gegagcagtt

atcgacttge

tttctgttte

atgtaaattc

ttaatgactt

aggttgtttt

ggattgtaac

aacataatat

ctcaccacaa

tggacgaacc

acacgaacat

acaaagggag

catgtectteg

aaggaggtag

ggaccagttt

atggaatata

ctagctecag

cctecgacac

gaacatgatc

cagtgctgaa

aaagaggtat

tatggaagaa

aactgaattt

tggcggcagt

aggaaagaac

ttgtaaaaat

agaaaaccag

acaaacttct

tactgaagct

cactcgagtt

gaatggtaaa

tgctgeccac

tgaggagaca

ctacaatgca

cttagtgeta

cttcctcaaa

atcagcttta

atctacaaag

agattcatgt

cttaactgga

taccaaggta

cagcaaggcec

accaatcctyg

atggcagaat

tgtacagttt

aattcaggta

aagtgtagtt

tggaagcagt

tgcaaggatg

tgtgaattag

agtgctgata

aagtcctgtyg

aagctcacce

gaaaccattt

gttggtggag

gttgatgcat

tgtgttgaaa

gaacatacag

gctattaata

aacagctacg

tttggatety

gttctteagt

ttcaccatct

caaggagata

attattaget

tcceggtatg

cctececccga

ccacagtgat

caccaggect

ttcttgatca

aattggaaga

ttgaagaagc

atgttgatgg

acattaattc

atgtaacatg

acaaggtggt

aaccagcagt

gtgctgagac

tggataacat

aagatgccaa

tetgtggagg

ctggtgttaa

agcaaaagcg

agtacaacca

ttacacctat

gctatgtaag

accttagagt

ataacaacat

gtgggggacc

ggggtgaaga

tcaactggat

gectgeccte

gaaggtctgg

Leu Arg
Phe His
400

His Val
415

Trp Gly

Val Ser

catcaccatc
tgaaaacgce
gtttgttcaa
acgagaagtt
agatcagtgt
ctatgaatgt
taacattaag
ttgctectgt
gccattteca
tgtttttect
cactcaaagce
accaggtcaa
ctctategtt
aattacagtt
aaatgtgatt
tgacattgece
ttgcattget
tggctgggga
tccacttgtt
gttetgtget
ccatgttact
gtgtgcaatg
taaggaaaaa
cccaagcagg

atcecgeggec

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1502



153

US 9,249,407 B2
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met Gln Arg

1

Ile

Asp

Ser

Met

65

Thr

Cys

Asn

Glu

Cys

145

Tyr

Pro

Glu

Thr

Thr

225

Gln

Tyr
305

Leu

Ala

Cys

His

Gly

50

Glu

Glu

Glu

Ser

Leu

130

Lys

Arg

Cys

Thr

Ile

210

Arg

Val

Asn

Lys

Thr

290

Asn

Asp

Asp

Ser

Leu

Glu

35

Lys

Glu

Arg

Ser

Tyr

115

Asp

Asn

Leu

Gly

Val

195

Leu

Val

Val

Glu

Ile

275

Glu

Ala

Glu

Lys

Gly
355

Val

Leu

20

Asn

Leu

Lys

Thr

Asn

100

Glu

Val

Ser

Ala

Arg

180

Phe

Asp

Val

Leu

Lys

260

Thr

Gln

Ala

Pro

Glu
340

Trp

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: CTP-modified Factor IX

489

19

Asn

5

Gly

Ala

Glu

Cys

Thr

85

Pro

Cys

Thr

Ala

Glu

165

Val

Pro

Asn

Gly

Asn

245

Trp

Val

Lys

Ile

Leu
325

Tyr

Gly

Met

Tyr

Asn

Glu

Ser

Glu

Cys

Trp

Cys

Asp

150

Asn

Ser

Asp

Ile

Gly

230

Gly

Ile

Val

Arg

Asn
310
Val

Thr

Arg

Ile

Leu

Lys

Phe

55

Phe

Phe

Leu

Cys

Asn

135

Asn

Gln

Val

Val

Thr

215

Glu

Lys

Val

Ala

Asn

295

Lys

Leu

Asn

Val

Met

Leu

Ile

40

Val

Glu

Trp

Asn

Pro

120

Ile

Lys

Lys

Ser

Asp

200

Gln

Asp

Val

Thr

Gly

280

Val

Tyr

Asn

Ile

Phe
360

Ala

Ser

25

Leu

Gln

Glu

Lys

Gly

105

Phe

Lys

Val

Ser

Gln

185

Tyr

Ser

Ala

Asp

Ala

265

Glu

Ile

Asn

Ser

Phe
345

His

Glu

10

Ala

Asn

Gly

Ala

Gln

90

Gly

Gly

Asn

Val

Cys

170

Thr

Val

Thr

Lys

Ala

250

Ala

His

Arg

His

Tyr

330

Leu

Lys

Ser

Glu

Arg

Asn

Arg

Tyr

Ser

Phe

Gly

Cys

155

Glu

Ser

Asn

Gln

Pro

235

Phe

His

Asn

Ile

Asp
315
Val

Lys

Gly

Pro

Cys

Pro

Leu

60

Glu

Val

Cys

Glu

Arg

140

Ser

Pro

Lys

Ser

Ser

220

Gly

Cys

Cys

Ile

Ile

300

Ile

Thr

Phe

Arg

Gly

Thr

Lys

45

Glu

Val

Asp

Lys

Gly

125

Cys

Cys

Ala

Leu

Thr

205

Phe

Gln

Gly

Val

Glu

285

Pro

Ala

Pro

Gly

Ser
365

Leu

Val

30

Arg

Arg

Phe

Gly

Asp

110

Lys

Glu

Thr

Val

Thr

190

Glu

Asn

Phe

Gly

Glu

270

Glu

His

Leu

Ile

Ser
350

Ala

Ile

Phe

Tyr

Glu

Glu

Asp

95

Asp

Asn

Gln

Glu

Pro

175

Arg

Ala

Asp

Pro

Ser

255

Thr

Thr

His

Leu

Cys
335

Gly

Leu

Thr

Leu

Asn

Cys

Asn

80

Gln

Ile

Cys

Phe

Gly

160

Phe

Ala

Glu

Phe

Trp

240

Ile

Gly

Glu

Asn

Glu
320
Ile

Tyr

Val
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156

-continued

Leu Gln Tyr Leu Arg Val Pro Leu Val Asp Arg Ala Thr Cys Leu Arg

370 375 380
Ser Thr Lys Phe Thr Ile Tyr Asn Asn Met Phe Cys Ala Gly Phe His
385 390 395 400
Glu Gly Gly Arg Asp Ser Cys Gln Gly Asp Ser Gly Gly Pro His Val

405 410 415
Thr Glu Val Glu Gly Thr Ser Phe Leu Thr Gly Ile Ile Ser Trp Gly
420 425 430
Glu Glu Cys Ala Met Lys Gly Lys Tyr Gly Ile Tyr Thr Lys Val Ser
435 440 445

Arg Tyr Val Asn Trp Ile Lys Glu Lys Thr Lys Leu Thr Ser Ser Ser

450 455 460
Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly
465 470 475 480
Pro Ser Asp Thr Pro Ile Leu Pro Gln

485

<210> SEQ ID NO 20
<211> LENGTH: 1585
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CTP-modified Factor IX
<400> SEQUENCE: 20
gcgatcgeca tgcagegegt gaacatgatc atggcagaat caccaggect catcaccatce 60
tgccttttag gatatctact cagtgctgaa tgtacagttt ttcttgatca tgaaaacgcce 120
aacaaaattc tgaatcggcc aaagaggtat aattcaggta aattggaaga gtttgttcaa 180
gggaaccttyg agagagaatg tatggaagaa aagtgtagtt ttgaagaagc acgagaagtt 240
tttgaaaaca ctgaaagaac aactgaattt tggaagcagt atgttgatgg agatcagtgt 300
gagtccaate catgtttaaa tggcggcagt tgcaaggatg acattaattc ctatgaatgt 360
tggtgtccct ttggatttga aggaaagaac tgtgaattag atgtaacatyg taacattaag 420
aatggcagat gcgagcagtt ttgtaaaaat agtgctgata acaaggtggt ttgctcctgt 480
actgagggat atcgacttgc agaaaaccag aagtcctgtyg aaccagcagt gccatttcca 540
tgtggaagag tttctgtttc acaaacttct aagctcacce gtgctgagac tgtttttect 600
gatgtggact atgtaaattc tactgaagct gaaaccattt tggataacat cactcaaagce 660
acccaatcat ttaatgactt cactcgagtt gttggtggag aagatgccaa accaggtcaa 720
ttccecttgge aggttgtttt gaatggtaaa gttgatgcat tcectgtggagg ctcectatcgtt 780
aatgaaaaat ggattgtaac tgctgcccac tgtgttgaaa ctggtgttaa aattacagtt 840
gtegcaggty aacataatat tgaggagaca gaacatacag agcaaaagcg aaatgtgatt 900
cgaattattc ctcaccacaa ctacaatgca gctattaata agtacaacca tgacattgce 960
cttctggaac tggacgaacc cttagtgcta aacagctacg ttacacctat ttgcattget 1020
acaaggaata cacgaacatc ttcctcaaat ttggatctgg ctatgtaagt ggctggggaa 1080
gagtcttcca caaagggaga tcagctttag ttcttcagta ccttagagtt ccacttgttg 1140
accgagccac atgtcttcga tctacaaagt tcaccatcta taacaacatg ttcectgtgetg 1200
gcttecatga aggaggtaga gattcatgtc aaggagatag tgggggaccc catgttactg 1260
aagtggaagg gaccagtttc ttaactggaa ttattagctg gggtgaagag tgtgcaatga 1320
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aaggcaaata

caaagctcac

tgcctgggec

catceetgec

gatgaaggtce

<210>
<211>
<212>
<213>
<220>
<223>

tggaatatat
tagctecage
ctcecgacaca

atcccectcec

tggatcegeg

PRT

<400> SEQUENCE:

Met

1

Ile

Asp

Ser

Met

65

Thr

Cys

Asn

Glu

Cys

145

Tyr

Pro

Glu

Thr

Thr

225

Gln

Tyr
305

Gln

Cys

His

Gly

50

Glu

Glu

Glu

Ser

Leu

130

Lys

Arg

Cys

Thr

Ile

210

Arg

Val

Asn

Lys

Thr
290

Asn

Arg

Leu

Glu

35

Lys

Glu

Arg

Ser

Tyr

115

Asp

Asn

Leu

Gly

Val

195

Leu

Val

Val

Glu

Ile
275

Glu

Ala

Val

Leu

20

Asn

Leu

Lys

Thr

Asn

100

Glu

Val

Ser

Ala

Arg

180

Phe

Asp

Val

Leu

Lys

260

Thr

Gln

Ala

SEQ ID NO 21
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: CTP-modified Factor IX

517

21

Asn

Gly

Ala

Glu

Cys

Thr

85

Pro

Cys

Thr

Ala

Glu

165

Val

Pro

Asn

Gly

Asn

245

Trp

Val

Lys

Ile

Met

Tyr

Asn

Glu

Ser

70

Glu

Cys

Trp

Cys

Asp

150

Asn

Ser

Asp

Ile

Gly

230

Gly

Ile

Val

Arg

Asn
310

gecge

Ile

Leu

Lys

Phe

55

Phe

Phe

Leu

Cys

Asn

135

Asn

Gln

Val

Val

Thr

215

Glu

Lys

Val

Ala

Asn
295

Lys

accaaggtat

agcaaggccc

ccaatectge

cggetgectyg

Met

Leu

Ile

40

Val

Glu

Trp

Asn

Pro

120

Ile

Lys

Lys

Ser

Asp

200

Gln

Asp

Val

Thr

Gly
280

Val

Tyr

cccggtatgt caactggatt

ctcececcgayg cctgecctec

cacagagcag ctcctctaag gecectecte

gecectetga caccectate

Ala

Ser

25

Leu

Gln

Glu

Lys

Gly

105

Phe

Lys

Val

Ser

Gln

185

Tyr

Ser

Ala

Asp

Ala
265
Glu

Ile

Asn

Glu

10

Ala

Asn

Gly

Ala

Gln

90

Gly

Gly

Asn

Val

Cys

170

Thr

Val

Thr

Lys

Ala

250

Ala

His

Arg

His

Ser

Glu

Arg

Asn

Arg

75

Tyr

Ser

Phe

Gly

Cys

155

Glu

Ser

Asn

Gln

Pro

235

Phe

His

Asn

Ile

Asp
315

Pro

Cys

Pro

Leu

60

Glu

Val

Cys

Glu

Arg

140

Ser

Pro

Lys

Ser

Ser

220

Gly

Cys

Cys

Ile

Ile
300

Ile

Gly

Thr

Lys

45

Glu

Val

Asp

Lys

Gly

125

Cys

Cys

Ala

Leu

Thr

205

Phe

Gln

Gly

Val

Glu
285

Pro

Ala

Leu

Val

Arg

Arg

Phe

Gly

Asp

110

Lys

Glu

Thr

Val

Thr

190

Glu

Asn

Phe

Gly

Glu
270
Glu

His

Leu

aaggaaaaaa

ccaagcagge

ctgectcagt

Ile

15

Phe

Tyr

Glu

Glu

Asp

Asp

Asn

Gln

Glu

Pro

175

Arg

Ala

Asp

Pro

Ser

255

Thr

Thr

His

Leu

Thr

Leu

Asn

Cys

Asn

80

Gln

Ile

Cys

Phe

Gly

160

Phe

Ala

Glu

Phe

Trp

240

Ile

Gly

Glu

Asn

Glu
320

1380

1440

1500

1560

1585
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Leu Asp Glu

Ala Asp Lys

Val Ser Gly

355

Leu Gln Tyr
370

Ser Thr Lys
385

Glu Gly Gly

Thr Glu Val

Glu Glu Cys

435

Arg Tyr Val
450

Ser Lys Ala
465

Pro Ser Asp

Pro Pro Ser

Pro Ile Leu
515

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Leu Val Leu Asn

325

Glu Tyr Thr Asn Ile

340

Trp Gly Arg Val Phe

360

Leu Arg Val Pro Leu

375

Phe Thr Ile Tyr Asn
390

Arg Asp Ser Cys Gln

405

Glu Gly Thr Ser Phe

420

Ala Met Lys Gly Lys

440

Asn Trp Ile Lys Glu

455

Pro Pro Pro Ser Leu
470

Thr Pro Ile Leu Pro

485

Leu Pro Ser Pro Ser

500

Pro Gln

D NO 22
H: 2413
DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

tctagagteg

ggaaccttygg

getgtgegea

ctcaacctygg

cggteectgt

tggctggaac

gaccccaagt

aaggcggect

ggcatcgaga

gtcaatgacc

ggcacacggt

gtggcctaca

gtggaggcac

ggccccgagg

ttCCgtgggg

aacgggggcc

accecegecat

tcctgetage

tcectggagy
gccagatett
cgecteacey
agcaggtgge
ttccteagea

dggcgceaggy

agaaccaccc

aggaccctga

gtgcggggga

acgccegeat

gCthCtggg

atgacggcaa

ttagccaggyg

gggaacatga

ggagctgagg

agctgatget

cccageggty

cggggactat

ccegeggeac

aaagcgacgg

gtggtacctyg

ctacacaggg

ggacttggca

cccecagect

agtggctgceg

tggaggggtyg

cctgaacccee

gacagtggat

¢cgagggggy

cagctgcaac

Ser

Phe

345

His

Val

Asn

Gly

Leu

425

Tyr

Lys

Pro

Gln

Arg
505

Tyr

330

Leu

Lys

Asp

Met

Asp

410

Thr

Gly

Thr

Ser

Ser

490

Leu

Val

Lys

Gly

Arg

Phe

395

Ser

Gly

Ile

Lys

Pro

475

Ser

Pro

cectggttge

cagggccaga

gccaacagtyg

taccacttct

agcecggetge

actaaacggg

tctggtgtea

cacggcattyg

ggcaattatg

cggtacacac

gtggccaaca

cgcatgetygyg

aaccacatcc

gggccagece

ctgggceteca

tgcgacgget

Thr Pro Ile
Phe Gly Ser
350

Arg Ser Ala
365

Ala Thr Cys
380

Cys Ala Gly

Gly Gly Pro

Ile Ile Ser

430

Tyr Thr Lys
445

Leu Thr Ser
460

Ser Arg Leu

Ser Ser Lys

Gly Pro Ser
510

tatgggtggt
aggtcttcac
tggcacggaa
ggcatcgagg
agagggagcc
acgtgtacca
ctcageggga
tggtctccat
atcctgggge
agatgaatga
acggtgtcetyg
atggcgaggt
acatctacag
gectegecga
tetttgtetyg

acaccaacag

Cys Ile
335

Gly Tyr

Leu Val

Leu Arg

Phe His
400

His Val
415

Trp Gly

Val Ser

Ser Ser

Pro Gly

480

Ala Pro
495

Asp Thr

agcagcaaca
caacacgtgg
gecatgggtte
agtgacgaag
tcaagtacag
ggagcccaca
cctgaatgty
tctggacgat
cagttttgat
caacaggcac
tggtgtaggt
gacagatgca
tgccagetygyg
ggaggcctte
ggcctegggy

tatctacacyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued
ctgtccatca gcagcgccac gcagtttgge aacgtgccegt ggtacagcga ggcctgctceg 1020
tccacactgg ccacgaccta cagcagtgge aaccagaatyg agaagcagat cgtgacgact 1080
gacttgcgge agaagtgcac ggagtctcac acgggcacct cagcctcectgce cceccttagea 1140
gccggcatca ttgctcectcac cctggaggcce aataagaacc tcacatggcg ggacatgcaa 1200
cacctggtgg tacagacctc gaagccagece cacctcaatyg ccaacgactyg ggccaccaat 1260
ggtgtgggcc ggaaagtgag ccactcatat ggctacgggce ttttggacgc aggcgccatg 1320
gtggccctygyg cccagaattyg gaccacagtg gecccecage ggaagtgcat catcgacatce 1380
ctcaccgage ccaaagacat cgggaaacgg ctegaggtge ggaagaccgt gaccgegtge 1440
ctgggegage ccaaccacat cactcggetg gagcacgcete aggegegget caccctgtee 1500
tataatcgce gtggcgacct ggccatccac ctggtcagcec ccatgggcac ccgctceccace 1560
ctgctggcag ccaggccaca tgactactcce gcagatgggt ttaatgactg ggccttcatg 1620
acaactcatt cctgggatga ggatccctct ggcgagtggg tcctagagat tgaaaacacc 1680
agcgaagcca acaactatgg gacgctgacce aagttcaccce tcgtactcta tggcaccgcece 1740
cctgagggge tgccegtace tccagaaage agtggctgea agaccctcac gtccagtcag 1800
gcctgtgtgg tgtgcgagga aggcttctece ctgcaccaga agagctgtgt ccagcactge 1860
cctccagget tecgcccccca agtcecctecgat acgcactata gcaccgagaa tgacgtggag 1920
accatccggg ccagegtetg cgcccectge cacgectcat gtgecacatyg ccaggggcecyg 1980
gccctgacag actgectcag ctgccccage cacgcctcecet tggaccctgt ggagcagact 2040
tgcteccgge aaagccagag cagccgagag tcecccgcecac agcagcagece accteggetg 2100
cceceggagg tggaggeggg gcaacggetyg cgggcaggge tgctgeccte acacctgect 2160
gaggtggtgg ccggcectcag ctgcgectte atcgtgctgg tettegtcac tgtettectg 2220
gtcetgcage tgcgcetcectgg ctttagtttt cggggggtga aggtgtacac catggaccgt 2280
ggcctcatet cctacaaggg gctgcccect gaagectgge aggaggagtg cccgtctgac 2340
tcagaagagg acgagggccg gggcgagagg accgecttta tcaaagacca gagcgeccte 2400
tgaacgcggce cgc 2413
<210> SEQ ID NO 23
<211> LENGTH: 794
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 23
Met Glu Leu Arg Pro Trp Leu Leu Trp Val Val Ala Ala Thr Gly Thr
1 5 10 15
Leu Val Leu Leu Ala Ala Asp Ala Gln Gly Gln Lys Val Phe Thr Asn
20 25 30
Thr Trp Ala Val Arg Ile Pro Gly Gly Pro Ala Val Ala Asn Ser Val
35 40 45
Ala Arg Lys His Gly Phe Leu Asn Leu Gly Gln Ile Phe Gly Asp Tyr
50 55 60
Tyr His Phe Trp His Arg Gly Val Thr Lys Arg Ser Leu Ser Pro His
65 70 75 80
Arg Pro Arg His Ser Arg Leu Gln Arg Glu Pro Gln Val Gln Trp Leu
85 90 95
Glu Gln Gln Val Ala Lys Arg Arg Thr Lys Arg Asp Val Tyr Gln Glu
100 105 110
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Pro

Gln

His

145

Pro

Asp

Arg

Gly

Arg

225

Gly

Glu

Ala

Phe

Cys

305

Thr

Leu

Thr

Ala

Asn

385

Ser

Gly

Ala

Lys

Leu
465
Ile

Arg

Ser

Thr

Arg

130

Gly

Asp

Gln

His

Val

210

Met

Leu

Asp

Phe

Val

290

Asp

Gln

Ala

Thr

Ser

370

Lys

Lys

Arg

Met

Cys

450

Glu

Thr

Arg

Thr

Asp

115

Asp

Ile

Leu

Asp

Gly

195

Cys

Leu

Asn

Asp

Phe

275

Trp

Gly

Phe

Thr

Asp

355

Ala

Asn

Pro

Lys

Val

435

Ile

Val

Arg

Gly

Leu
515

Pro

Leu

Val

Ala

Pro

180

Thr

Gly

Asp

Pro

Gly

260

Arg

Ala

Tyr

Gly

Thr

340

Leu

Pro

Leu

Ala

Val

420

Ala

Ile

Arg

Leu

Asp

500

Leu

Lys

Asn

Val

Gly

165

Asp

Arg

Val

Gly

Asn

245

Lys

Gly

Ser

Thr

Asn

325

Tyr

Arg

Leu

Thr

His

405

Ser

Leu

Asp

Lys

Glu
485

Leu

Ala

Phe

Val

Ser

150

Asn

Pro

Cys

Gly

Glu

230

His

Thr

Val

Gly

Asn

310

Val

Ser

Gln

Ala

Trp

390

Leu

His

Ala

Ile

Thr
470
His

Ala

Ala

Pro

Lys

135

Ile

Tyr

Gln

Ala

Val

215

Val

Ile

Val

Ser

Asn

295

Ser

Pro

Ser

Lys

Ala

375

Arg

Asn

Ser

Gln

Leu

455

Val

Ala

Ile

Arg

Gln

120

Ala

Leu

Asp

Pro

Gly

200

Ala

Thr

His

Asp

Gln

280

Gly

Ile

Trp

Gly

Cys

360

Gly

Asp

Ala

Tyr

Asn

440

Thr

Thr

Gln

His

Pro
520

Gln

Ala

Asp

Pro

Arg

185

Glu

Tyr

Asp

Ile

Gly

265

Gly

Gly

Tyr

Tyr

Asn

345

Thr

Ile

Met

Asn

Gly

425

Trp

Glu

Ala

Ala

Leu

505

His

Trp

Trp

Asp

Gly

170

Tyr

Val

Asn

Ala

Tyr

250

Pro

Arg

Arg

Thr

Ser

330

Gln

Glu

Ile

Gln

Asp

410

Tyr

Thr

Pro

Cys

Arg

490

Val

Asp

Tyr

Ala

Gly

155

Ala

Thr

Ala

Ala

Val

235

Ser

Ala

Gly

Glu

Leu

315

Glu

Asn

Ser

Ala

His

395

Trp

Gly

Thr

Lys

Leu
475
Leu

Ser

Tyr

Leu

Gln

140

Ile

Ser

Gln

Ala

Arg

220

Glu

Ala

Arg

Gly

His

300

Ser

Ala

Glu

His

Leu

380

Leu

Ala

Leu

Val

Asp

460

Gly

Thr

Pro

Ser

Ser

125

Gly

Glu

Phe

Met

Val

205

Ile

Ala

Ser

Leu

Leu

285

Asp

Ile

Cys

Lys

Thr

365

Thr

Val

Thr

Leu

Ala

445

Ile

Glu

Leu

Met

Ala
525

Gly

Tyr

Lys

Asp

Asn

190

Ala

Gly

Arg

Trp

Ala

270

Gly

Ser

Ser

Ser

Gln

350

Gly

Leu

Val

Asn

Asp

430

Pro

Gly

Pro

Ser

Gly
510

Asp

Val

Thr

Asn

Val

175

Asp

Asn

Gly

Ser

Gly

255

Glu

Ser

Cys

Ser

Ser

335

Ile

Thr

Glu

Gln

Gly

415

Ala

Gln

Lys

Asn

Tyr
495

Thr

Gly

Thr

Gly

His

160

Asn

Asn

Asn

Val

Leu

240

Pro

Glu

Ile

Asn

Ala

320

Thr

Val

Ser

Ala

Thr

400

Val

Gly

Arg

Arg

His

480

Asn

Arg

Phe
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Asn Asp Trp
530

Gly Glu Trp
545

Gly Thr Leu

Gly Leu Pro

Ser Gln Ala

595

Ser Cys Val
610

Thr His Tyr
625

Cys Ala Pro

Thr Asp Cys

Gln Thr Cys

675

Gln Gln Pro
690

Arg Ala Gly
705

Ser Cys Ala

Gln Leu Arg

Asp Arg Gly

755

Glu Glu Cys
770

Thr Ala Phe
785

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Phe Met Thr Thr

535

Val Leu Glu Ile Glu
550

Thr Lys Phe Thr Leu

565

Val Pro Pro Glu Ser

580

Cys Val Val Cys Glu

600

Gln His Cys Pro Pro

615

Ser Thr Glu Asn Asp
630

Cys His Ala Ser Cys

645

Leu Ser Cys Pro Ser

660

Ser Arg Gln Ser Gln

680

Pro Arg Leu Pro Pro

695

Leu Leu Pro Ser His
710

Phe Ile Val Leu Val

725

Ser Gly Phe Ser Phe

740

Leu Ile Ser Tyr Lys

760

Pro Ser Asp Ser Glu

775

Ile Lys Asp Gln Ser
790

D NO 24
H: 1621
DNA

His Ser Trp
Asn Thr Ser
555

Val Leu Tyr
570

Ser Gly Cys
585

Glu Gly Phe

Gly Phe Ala

Val Glu Thr

635

Ala Thr Cys
650

His Ala Ser
665

Ser Ser Arg

Glu Val Glu

Leu Pro Glu
715

Phe Val Thr
730

Arg Gly Val
745
Gly Leu Pro

Glu Asp Glu

Ala Leu

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Asp Glu Asp
540

Glu Ala Asn

Gly Thr Ala

Lys Thr Leu

590

Ser Leu His
605

Pro Gln Val
620

Ile Arg Ala

Gln Gly Pro

Leu Asp Pro

670

Glu Ser Pro
685

Ala Gly Gln
700

Val Val Ala

Val Phe Leu

Lys Val Tyr

750

Pro Glu Ala
765

Gly Arg Gly
780

<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 24

ctcgaggaca

tgcctggetyg

cgegecaacy

gagcagtgcet

ttetggattt

tcctgcaagy

aactgtgaga

cagtactgca

ctgetggeag

tggtcteeca

cagtcttegt

cgttectgga

ccttegagga

cttacagtga

accagctcca

cgcacaagga

gtgaccacac

acggggtgtc

ggcectcagyg

aacccaggag

ggagctgegg

dgcccgggayg

tggggaccag

gtcctatatce

tgaccagetyg

gggcaccaag

ctgcacacce

ctectetgee

gaagcccacyg

cegggetece

atcttcaagg

tgtgcctcaa

tgcttetgee

atctgtgtga

cgctectgte

acagttgaat

ttetgettgg

gegtectgea

tggagaggga

acgcggagag

gtccatgeca

tcecectgectt

acgagaacgg

ggtgccacga

atccatgtgyg

Pro Ser

Asn Tyr
560

Pro Glu
575

Thr Ser

Gln Lys

Leu Asp

Ser Val
640

Ala Leu
655

Val Glu

Pro Gln

Arg Leu

Gly Leu
720

Val Leu
735

Thr Met

Trp Gln

Glu Arg

gcttcagggce
ceggegeegy
gtgcaaggag
gacgaagctg
gaatggggge
cgagggcegy
cggctgtgag
ggggtactct

aaaaatacct

60

120

180

240

300

360

420

480

540
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-continued
attctagaaa aaagaaatgc cagcaaaccce caaggccgaa ttgtgggggyg caaggtgtge 600
cccaaagggg agtgtcecatg gcaggtectg ttgttggtga atggagcetca gttgtgtggg 660
gggaccctga tcaacaccat ctgggtggtce tccgeggece actgtttega caaaatcaag 720
aactggagga acctgatcgce ggtgctggge gagcacgacce tcagcgagca cgacggggat 780
gagcagagece ggegggtgge gcaggtcatce atccccagca cgtacgtecce gggcaccacce 840
aaccacgaca tcgegetget ccgcectgeac cageccegtgg tectcactga ccatgtggtyg 900
ccectetgee tgcccgaacg gacgttetet gagaggacge tggecttegt gegettcetca 960
ttggtcagcg gectggggeca getgctggac cgtggcgceca cggccctgga getcatggte 1020
ctcaacgtge cccggetgat gacccaggac tgectgcage agtcacggaa ggtgggagac 1080
tcecccaaata tcacggagta catgttetgt gcecggctact cggatggcag caaggactcce 1140
tgcaaggggg acagtggagg cccacatgece acccactacce ggggcacgtyg gtacctgace 1200
ggcatcgtga getggggceca gggctgegece accgtgggece actteggegt gtacaccagyg 1260
gtgtcccagt acatcgagtyg gctgcagaaa ctgatgagaa gcgagcccag acccggcegtyg 1320
ctgctgagag cccecttece cagcagecage tecaaggecce ctececcctag cctgeccage 1380
cctagcagac tgcctgggcec cagtgacacce cctatcctge ctcagtccag ctccagcaag 1440
gcceccaceece ctagectgcee ttetecttet cggctgectyg gecccagega tactccaatt 1500
ctgccceccagt cctcecagcag taaggctcece cctecatcete tgccatccece cagcagactg 1560
ccaggccectt ctgatacacc catccteccca cagtgatgag gatccgcecgge cgcttaatta 1620
a 1621

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 25
H: 528
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 25

Met Val Ser
1

Gly Cys Leu
Leu His Arg
35

Gly Ser Leu
50

Ala Arg Glu
65

Ser Tyr Ser

Gly Ser Cys

Ala Phe Glu

115

Cys Val Asn
130

Gly Thr Lys
145

Asp Gly Val

Gln Ala Leu Arg Leu

5

Ala Ala Val Phe Val

20

Arg Arg Arg Ala Asn

40

Glu Arg Glu Cys Lys

55

Ile Phe Lys Asp Ala

70

Asp Gly Asp Gln Cys

85

Lys Asp Gln Leu Gln

100

Gly Arg Asn Cys Glu

120

Glu Asn Gly Gly Cys

135

Arg Ser Cys Arg Cys
150

Ser Cys Thr Pro Thr

Leu

Thr

25

Ala

Glu

Glu

Ala

Ser

105

Thr

Glu

His

Val

Cys

10

Gln

Phe

Glu

Arg

Ser

90

Tyr

His

Gln

Glu

Glu

Leu

Glu

Leu

Gln

Thr

75

Ser

Ile

Lys

Tyr

Gly

155

Tyr

Leu Leu Gly

Glu Ala His
30

Glu Glu Leu
45

Cys Ser Phe
60

Lys Leu Phe

Pro Cys Gln

Cys Phe Cys
110

Asp Asp Gln
125

Cys Ser Asp
140

Tyr Ser Leu

Pro Cys Gly

Leu Gln
15

Gly Val

Arg Pro

Glu Glu

Trp Ile

80

Asn Gly
95

Leu Pro

Leu Ile

His Thr

Leu Ala

160

Lys Ile
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169

-continued

170

Pro

Gly

Leu

Trp

225

Asn

Asp

Pro
Thr
305

Gly

Arg

Gly

Pro

385

Ser

Arg

Pro

Lys

Ser

465

Pro

Ile

Ser

165 170

Ile Leu Glu Lys Arg Asn Ala Ser Lys Pro Gln
180 185

Gly Lys Val Cys Pro Lys Gly Glu Cys Pro Trp
195 200

Val Asn Gly Ala Gln Leu Cys Gly Gly Thr Leu
210 215 220

Val Val Ser Ala Ala His Cys Phe Asp Lys Ile
230 235

Leu Ile Ala Val Leu Gly Glu His Asp Leu Ser
245 250

Glu Gln Ser Arg Arg Val Ala Gln Val Ile Ile
260 265

Pro Gly Thr Thr Asn His Asp Ile Ala Leu Leu
275 280

Val Val Leu Thr Asp His Val Val Pro Leu Cys
290 295 300

Phe Ser Glu Arg Thr Leu Ala Phe Val Arg Phe
310 315

Trp Gly Gln Leu Leu Asp Arg Gly Ala Thr Ala
325 330

Leu Asn Val Pro Arg Leu Met Thr Gln Asp Cys
340 345

Lys Val Gly Asp Ser Pro Asn Ile Thr Glu Tyr
355 360

Tyr Ser Asp Gly Ser Lys Asp Ser Cys Lys Gly
370 375 380

His Ala Thr His Tyr Arg Gly Thr Trp Tyr Leu
390 395

Trp Gly Gln Gly Cys Ala Thr Val Gly His Phe
405 410

Val Ser Gln Tyr Ile Glu Trp Leu Gln Lys Leu
420 425

Arg Pro Gly Val Leu Leu Arg Ala Pro Phe Pro
435 440

Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg
450 455 460

Asp Thr Pro Ile Leu Pro Gln Ser Ser Ser Ser
470 475

Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro
485 490

Leu Pro Gln Ser Ser Ser Ser Lys Ala Pro Pro
500 505

Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro
515 520

<210> SEQ ID NO 26

<211> LENGTH: 1607

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 26

ctcgaggaca tggtcetecca ggecctecagg ctectetgece ttetgettgg gettcaggge

Gly

Gln

205

Ile

Lys

Glu

Pro

Arg

285

Leu

Ser

Leu

Leu

Met

365

Asp

Thr

Gly

Met

Ser

445

Leu

Lys

Ser

Pro

Ile
525

Arg

190

Val

Asn

Asn

His

Ser

270

Leu

Pro

Leu

Glu

Gln

350

Phe

Ser

Gly

Val

Arg

430

Ser

Pro

Ala

Asp

Ser

510

Leu

175

Ile

Leu

Thr

Trp

Asp

255

Thr

His

Glu

Val

Leu

335

Gln

Cys

Gly

Ile

Tyr

415

Ser

Ser

Gly

Pro

Thr

495

Leu

Pro

Val

Leu

Ile

Arg

240

Gly

Tyr

Gln

Arg

Ser

320

Met

Ser

Ala

Gly

Val

400

Thr

Glu

Ser

Pro

Pro

480

Pro

Pro

Gln
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172

-continued
tgcctggetyg cagtettegt aacccaggag gaagcccacyg gegtectgea ccggegecgg 120
cgegecaacyg cgttectgga ggagetgegg cegggctecee tggagaggga gtgcaaggag 180
gagcagtgcet ccttecgagga ggcccgggag atcttcaagg acgcggagag gacgaagcetg 240
ttectggattt cttacagtga tggggaccag tgtgcctcaa gtcecatgeca gaatggggge 300
tcctgcaagg accagcetceca gtcectatate tgettetgece teectgectt cgagggecgg 360
aactgtgaga cgcacaagga tgaccagctg atctgtgtga acgagaacgyg cggctgtgag 420
cagtactgca gtgaccacac gggcaccaag cgctcctgte ggtgccacga ggggtactcet 480
ctgctggcag acggggtgtce ctgcacaccce acagttgaat atccatgtgg aaaaatacct 540
attctagaaa aaagaaatgc cagcaaaccce caaggccgaa ttgtgggggyg caaggtgtge 600
cccaaagggg agtgtcecatg gcaggtectg ttgttggtga atggagcetca gttgtgtggg 660
gggaccctga tcaacaccat ctgggtggtce tccgeggece actgtttega caaaatcaag 720
aactggagga acctgatcgce ggtgctggge gagcacgacce tcagcgagca cgacggggat 780
gagcagagece ggegggtgge gcaggtcatce atccccagca cgtacgtecce gggcaccacce 840
aaccacgaca tcgegetget ccgcectgeac cageccegtgg tectcactga ccatgtggtyg 900
ccectetgee tgcccgaacg gacgttetet gagaggacge tggecttegt gegettcetca 960
ttggtcagcg gectggggeca getgctggac cgtggcgceca cggccctgga getcatggte 1020
ctcaacgtge cccggetgat gacccaggac tgectgcage agtcacggaa ggtgggagac 1080
tcecccaaata tcacggagta catgttetgt gcecggctact cggatggcag caaggactcce 1140
tgcaaggggg acagtggagg cccacatgece acccactacce ggggcacgtyg gtacctgace 1200
ggcatcgtga getggggceca gggctgegece accgtgggece actteggegt gtacaccagyg 1260
gtgtcccagt acatcgagtyg gctgcagaaa ctgatgagaa gcgagcccag acccggcegtyg 1320
ctgctgagag cccecttece cagcagecage tecaaggecce ctececcctag cctgeccage 1380
cctagcagac tgcctgggcec cagtgacacce cctatcctge ctcagtccag ctccagcaag 1440
gcceccaceece ctagectgcee ttetecttet cggctgectyg gecccagega tactccaatt 1500
ctgccceccagt cctcecagcag taaggctcece cctecatcete tgccatccece cagcagactg 1560
ccaggccectt ctgatacacc catccteccca cagtgatgag gatccge 1607

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 27
H: 532
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 27

Leu Glu Asp
1

Gly Leu Gln
His Gly Val
35

Leu Arg Pro
50

Phe Glu Glu
65

Phe Trp Ile

Met Val Ser Gln Ala

Gly Cys Leu Ala Ala

20

Leu His Arg Arg Arg

40

Gly Ser Leu Glu Arg

55

Ala Arg Glu Ile Phe

70

Ser Tyr Ser Asp Gly

Leu

Val

25

Arg

Glu

Lys

Asp

Arg

10

Phe

Ala

Cys

Asp

Gln

Leu

Val

Asn

Lys

Ala

75

Cys

Leu Cys Leu

Thr Gln Glu
30

Ala Phe Leu
45

Glu Glu Gln
60

Glu Arg Thr

Ala Ser Ser

Leu Leu
15

Glu Ala

Glu Glu

Cys Ser

Lys Leu

80

Pro Cys
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-continued

174

Gln

Cys

Gln

Asp

145

Leu

Gly

Arg

Asn
225

Asn

Ser

Leu

Pro

305

Leu

Glu

Gln

Phe

Ser

385

Gly

Arg

Ser

Pro

465

Ala

Asp

Asn

Leu

Leu

130

His

Leu

Lys

Ile

Leu

210

Thr

Trp

Asp

Thr

His

290

Glu

Val

Leu

Gln

Cys

370

Gly

Ile

Tyr

Ser

Ser
450
Gly

Pro

Thr

Gly

Pro

115

Ile

Thr

Ala

Ile

Val

195

Leu

Ile

Arg

Gly

Tyr

275

Gln

Arg

Ser

Met

Ser

355

Ala

Gly

Val

Thr

Glu

435

Ser

Pro

Pro

Pro

Gly

100

Ala

Cys

Gly

Asp

Pro

180

Gly

Leu

Trp

Asn

Asp

260

Val

Pro

Thr

Gly

Val

340

Arg

Gly

Pro

Ser

Arg

420

Pro

Lys

Ser

Pro

Ile
500

85

Ser

Phe

Val

Thr

Gly

165

Ile

Gly

Val

Val

Leu

245

Glu

Pro

Val

Phe

Trp

325

Leu

Lys

Tyr

His

Trp

405

Val

Arg

Ala

Asp

Ser
485

Leu

Cys

Glu

Asn

Lys

150

Val

Leu

Lys

Asn

Val

230

Ile

Gln

Gly

Val

Ser

310

Gly

Asn

Val

Ser

Ala

390

Gly

Ser

Pro

Pro

Thr
470

Leu

Pro

Lys

Gly

Glu

135

Arg

Ser

Glu

Val

Gly

215

Ser

Ala

Ser

Thr

Leu

295

Glu

Gln

Val

Gly

Asp

375

Thr

Gln

Gln

Gly

Pro
455
Pro

Pro

Gln

Asp

Arg

120

Asn

Ser

Cys

Lys

Cys

200

Ala

Ala

Val

Arg

Thr

280

Thr

Arg

Leu

Pro

Asp

360

Gly

His

Gly

Tyr

Val

440

Pro

Ile

Ser

Ser

Gln

105

Asn

Gly

Cys

Thr

Arg

185

Pro

Gln

Ala

Leu

Arg

265

Asn

Asp

Thr

Leu

Arg

345

Ser

Ser

Tyr

Cys

Ile

425

Leu

Ser

Leu

Pro

Ser
505

90

Leu

Cys

Gly

Arg

Pro

170

Asn

Lys

Leu

His

Gly

250

Val

His

His

Leu

Asp

330

Leu

Pro

Lys

Arg

Ala

410

Glu

Leu

Leu

Pro

Ser
490

Ser

Gln

Glu

Cys

Cys

155

Thr

Ala

Gly

Cys

Cys

235

Glu

Ala

Asp

Val

Ala

315

Arg

Met

Asn

Asp

Gly

395

Thr

Trp

Arg

Pro

Gln
475

Arg

Ser

Ser

Thr

Glu

140

His

Val

Ser

Glu

Gly

220

Phe

His

Gln

Ile

Val

300

Phe

Gly

Thr

Ile

Ser

380

Thr

Val

Leu

Ala

Ser
460
Ser

Leu

Lys

Tyr

His

125

Gln

Glu

Glu

Lys

Cys

205

Gly

Asp

Asp

Val

Ala

285

Pro

Val

Ala

Gln

Thr

365

Cys

Trp

Gly

Gln

Pro

445

Pro

Ser

Pro

Ala

Ile

110

Lys

Tyr

Gly

Tyr

Pro

190

Pro

Thr

Lys

Leu

Ile

270

Leu

Leu

Arg

Thr

Asp

350

Glu

Lys

Tyr

His

Lys

430

Phe

Ser

Ser

Gly

Pro
510

95

Cys

Asp

Cys

Tyr

Pro

175

Gln

Trp

Leu

Ile

Ser

255

Ile

Leu

Cys

Phe

Ala

335

Cys

Tyr

Gly

Leu

Phe

415

Leu

Pro

Arg

Ser

Pro
495

Pro

Phe

Asp

Ser

Ser

160

Cys

Gly

Gln

Ile

Lys

240

Glu

Pro

Arg

Leu

Ser

320

Leu

Leu

Met

Asp

Thr

400

Gly

Met

Ser

Leu

Lys
480

Ser

Pro
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-continued

176

Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro Ile

515

Leu Pro Gln Gly

530

<210> SEQ ID NO 28
<211> LENGTH: 1775

<212> TYPE:

DNA

520

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 28

ctcgaggaca

tgcctggetyg

cgegecaacy

gagcagtgcet

ttetggattt

tcctgcaagy

aactgtgaga

cagtactgca

ctgetggeag

attctagaaa

cccaaaggygy

gggaccctga

aactggagga

gagcagagcce

aaccacgaca

cceetetgee

ttggtcageg

ctcaacgtge

tccccaaata

tgcaaggggg

ggcatcgtga

gtgtcccagt

ctgectgagag

cctageagac

gcteccaccac

ctgecccagt

cctggeccat

agtctgecect

tctageteta

gataccccca

tggtcteeca

cagtcttegt

cgttectgga

ccttegagga

cttacagtga

accagctcca

cgcacaagga

gtgaccacac

acggggtgtc

aaagaaatgc

agtgtccatg

tcaacaccat

acctgatege

ggegggtgge

tegegetget

tgccegaacy

gctggggcca

cceggetgat

tcacggagta

acagtggagg

gctggggcca

acatcgagtyg

ccececttece

tgcctgggec

ctteeetgee

cctecageag

ccgatacccee

ctccaagcag

aagctccace

tcttgeccca

<210> SEQ ID NO 29

ggcectcagyg

aacccaggag

ggagctgegg

dgcccgggayg

tggggaccag

gtcctatatce

tgaccagetyg

gggcaccaag

ctgcacacce

cagcaaaccc

gcaggtecty

ctgggtggtc

ggtgctggge

gcaggtcatce

cegectgeac

gacgttctet

getgetggac

gacccaggac

catgttetgt

cccacatgec

gggctgcgcc

getgcagaaa

cagcagcage

ctctgacace

tagcccettea

caaggctece

aattttgect

actccetgge

tcccagecty

gtgatgagga

ctectetgee

gaagcccacyg

cegggetece

atcttcaagg

tgtgcctcaa

tgcttetgee

atctgtgtga

cgctectgte

acagttgaat

caaggccgaa

ttgttggtga

tcegeggece

gagcacgace

atccccagea

cagccegtygyg

gagaggacgce

cgtggegeca

tgcctgcage

gecggetact

acccactacc

accgtgggec

ctgatgagaa

tccaaggece

cctatectge

agactgccag

ccacctagec

cagagcagct

ccttcagaca

cccageccta

tcege

525

ttetgettgg

gegtectgea

tggagaggga

acgcggagag

gtccatgeca

tcecectgectt

acgagaacgg

ggtgccacga

atccatgtgyg

ttgtgggggy

atggagctca

actgtttcga

tcagcgagca

cgtacgtece

tcctcactga

tggeccttegt

cggecctgga

agtcacggaa

cggatggcag

ggggcacgtg

acttcggegt

gegageccag

ctcecectag

ctcagtccag

gecctagega

tgccttetee

ctagcaaggce

ctccaatcct

gtagactcce

gettcaggge

ccggcecgecgg

gtgcaaggag

gacgaagcetg

gaatgggggce

¢gagggceegy

cggctgtgag

ggggtactct

aaaaatacct

caaggtgtge

gttgtgtggg

caaaatcaag

cgacggggat

gggcaccacce

ccatgtggty

gegettetca

gctecatggte

ggtgggagac

caaggactcc

gtacctgacce

gtacaccagg

acceggegty

cctgeccage

ctcctetaag

tacaccaatt

atcaaggctyg

acctcecececce

cccacagtec

cggaccttet

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1775
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-continued

<211> LENGTH: 589

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CTP-modified Factor VII

<400> SEQUENCE: 29

Leu Glu Asp Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu Leu Leu
1 5 10 15

Gly Leu Gln Gly Cys Leu Ala Ala Val Phe Val Thr Gln Glu Glu Ala
20 25 30

His Gly Val Leu His Arg Arg Arg Arg Ala Asn Ala Phe Leu Glu Glu
35 40 45

Leu Arg Pro Gly Ser Leu Glu Arg Glu Cys Lys Glu Glu Gln Cys Ser
50 55 60

Phe Glu Glu Ala Arg Glu Ile Phe Lys Asp Ala Glu Arg Thr Lys Leu
65 70 75 80

Phe Trp Ile Ser Tyr Ser Asp Gly Asp Gln Cys Ala Ser Ser Pro Cys
85 90 95

Gln Asn Gly Gly Ser Cys Lys Asp Gln Leu Gln Ser Tyr Ile Cys Phe
100 105 110

Cys Leu Pro Ala Phe Glu Gly Arg Asn Cys Glu Thr His Lys Asp Asp
115 120 125

Gln Leu Ile Cys Val Asn Glu Asn Gly Gly Cys Glu Gln Tyr Cys Ser
130 135 140

Asp His Thr Gly Thr Lys Arg Ser Cys Arg Cys His Glu Gly Tyr Ser
145 150 155 160

Leu Leu Ala Asp Gly Val Ser Cys Thr Pro Thr Val Glu Tyr Pro Cys
165 170 175

Gly Lys Ile Pro Ile Leu Glu Lys Arg Asn Ala Ser Lys Pro Gln Gly
180 185 190

Arg Ile Val Gly Gly Lys Val Cys Pro Lys Gly Glu Cys Pro Trp Gln
195 200 205

Val Leu Leu Leu Val Asn Gly Ala Gln Leu Cys Gly Gly Thr Leu Ile
210 215 220

Asn Thr Ile Trp Val Val Ser Ala Ala His Cys Phe Asp Lys Ile Lys
225 230 235 240

Asn Trp Arg Asn Leu Ile Ala Val Leu Gly Glu His Asp Leu Ser Glu
245 250 255

His Asp Gly Asp Glu Gln Ser Arg Arg Val Ala Gln Val Ile Ile Pro
260 265 270

Ser Thr Tyr Val Pro Gly Thr Thr Asn His Asp Ile Ala Leu Leu Arg
275 280 285

Leu His Gln Pro Val Val Leu Thr Asp His Val Val Pro Leu Cys Leu
290 295 300

Pro Glu Arg Thr Phe Ser Glu Arg Thr Leu Ala Phe Val Arg Phe Ser
305 310 315 320

Leu Val Ser Gly Trp Gly Gln Leu Leu Asp Arg Gly Ala Thr Ala Leu
325 330 335

Glu Leu Met Val Leu Asn Val Pro Arg Leu Met Thr Gln Asp Cys Leu
340 345 350

Gln Gln Ser Arg Lys Val Gly Asp Ser Pro Asn Ile Thr Glu Tyr Met
355 360 365

Phe Cys Ala Gly Tyr Ser Asp Gly Ser Lys Asp Ser Cys Lys Gly Asp
370 375 380
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180

Ser Gly Gly
385

Gly Ile Val

Val Tyr Thr

Arg Ser Glu

435

Ser Ser Ser
450

Pro Gly Pro
465

Ala Pro Pro

Asp Thr Pro

Ser Leu Pro

515

Leu Pro Gln
530

Pro Ser Arg
545

Ser Ser Ser

Pro Gly Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro His Ala Thr His
390

Ser Trp Gly Gln Gly

405

Arg Val Ser Gln Tyr

420

Pro Arg Pro Gly Val

440

Lys Ala Pro Pro Pro

455

Ser Asp Thr Pro Ile
470

Pro Ser Leu Pro Ser

485

Ile Leu Pro Gln Ser

500

Ser Pro Ser Arg Leu

520

Ser Ser Ser Ser Lys

535

Leu Pro Gly Pro Ser
550

Lys Ala Pro Pro Pro

565

Ser Asp Thr Pro Ile

580

D NO 30
H: 1673
DNA

Tyr Arg Gly
395

Cys Ala Thr
410

Ile Glu Trp
425

Leu Leu Arg

Ser Leu Pro

Leu Pro Gln

475

Pro Ser Arg
490

Ser Ser Ser
505

Pro Gly Pro

Ala Pro Pro

Asp Thr Pro

555

Ser Leu Pro
570

Leu Pro Gln
585

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Thr Trp Tyr

Val Gly His

Leu Gln Lys

430

Ala Pro Phe
445

Ser Pro Ser
460

Ser Ser Ser

Leu Pro Gly

Lys Ala Pro
510

Ser Asp Thr
525

Pro Ser Leu
540
Ile Leu Pro

Ser Pro Ser

Gly Ser

<223> OTHER INFORMATION: CTP-modified Factor IX

<400> SEQUENCE: 30

tctagagteg

atcaccatct

gaaaacgcca

tttgttcaag

cgagaagttt

gatcagtgtyg

tatgaatgtt

aacattaaga

tgctectgta

ccatttccat

gtttttectyg

actcaaagca

ccaggtcaat

tctategtta

attacagttg

accecegecat

gecttttagyg

acaaaattct

ggaaccttga

ttgaaaacac

agtccaatce

ggtgtceett

atggcagatg

ctgagggata

gtggaagagt

atgtggacta

cccaatcatt

tccettggea

atgaaaaatg

tcgcaggtga

gcagegegtyg

atatctactc

gaatcggcca

gagagaatgt

tgaaagaaca

atgtttaaat

tggatttgaa

cgagcagttt

tcgacttgea

ttetgtttea

tgtaaattct

taatgacttc

ggttgttttyg

gattgtaact

acataatatt

aacatgatca

agtgctgaat

aagaggtata

atggaagaaa

actgaatttt

ggcggcagtt

ggaaagaact

tgtaaaaata

gaaaaccaga

caaacttcta

actgaagctg

actcgagttyg

aatggtaaag

getgeccact

daggagacag

tggcagaatc

gtacagtttt

attcaggtaa

agtgtagttt

ggaagcagta

gcaaggatga

gtgaattaga

gtgctgataa

agtcctgtga

agctcacceyg

aaaccatttt

ttggtggaga

ttgatgcatt

gtgttgaaac

aacatacaga

Leu Thr
400

Phe Gly
415

Leu Met

Pro Ser

Arg Leu

Ser Lys
480

Pro Ser
495

Pro Pro

Pro Ile

Pro Ser

Gln Ser
560

Arg Leu
575

accaggecte
tcttgatcat
attggaagag
tgaagaagca
tgttgatgga
cattaattcc
tgtaacatgt
caaggtggtt
accagcagtyg
tgctgaggca
ggataacatc
agatgccaaa
ctgtggagge
tggtgttaaa

gcaaaagcga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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-continued

aatgtgattc gaattattcc tcaccacaac tacaatgcag ctattaataa gtacaaccat 960
gacattgcecce ttcectggaact ggacgaaccc ttagtgctaa acagctacgt tacacctatt 1020
tgcattgctg acaaggaata cacgaacatc ttcctcaaat ttggatctgg ctatgtaagt 1080
ggctggggaa gagtcttcca caaagggaga tcagctttag ttcecttcagta ccttagagtt 1140
ccacttgttg accgagccac atgtcttcga tctacaaagt tcaccatcta taacaacatg 1200
ttetgtgetg gettecatga aggaggtaga gattcatgtc aaggagatag tgggggaccce 1260
catgttactg aagtggaagg gaccagtttc ttaactggaa ttattagctg gggtgaagag 1320
tgtgcaatga aaggcaaata tggaatatat accaaggtat cccggtatgt caactggatt 1380
aaggaaaaaa caaagctcac tagctccage agcaaggccce cteccccgag cctgecctee 1440
ccaagcagge tgcctgggcece cagtgacacce cctatcctge ctcagtccag ctccagcaag 1500
gcceccaceece ctagectgcee ttetecttet cggctgectyg gecccagega tactccaatt 1560
ctgccceccagt cctcecagcag taaggctcece cctecatcete tgccatccece cagcagactg 1620
ccaggccectt ctgatacacc catccteccca cagtgatgag gatccgcegge cgce 1673
<210> SEQ ID NO 31

<211> LENGTH: 545

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CTP-modified Factor IX

<400> SEQUENCE: 31

Met Gln Arg Val Asn Met Ile Met Ala Glu Ser Pro Gly Leu Ile Thr
1 5 10 15

Ile Cys Leu Leu Gly Tyr Leu Leu Ser Ala Glu Cys Thr Val Phe Leu
20 25 30

Asp His Glu Asn Ala Asn Lys Ile Leu Asn Arg Pro Lys Arg Tyr Asn
35 40 45

Ser Gly Lys Leu Glu Glu Phe Val Gln Gly Asn Leu Glu Arg Glu Cys
Met Glu Glu Lys Cys Ser Phe Glu Glu Ala Arg Glu Val Phe Glu Asn
65 70 75 80

Thr Glu Arg Thr Thr Glu Phe Trp Lys Gln Tyr Val Asp Gly Asp Gln
85 90 95

Cys Glu Ser Asn Pro Cys Leu Asn Gly Gly Ser Cys Lys Asp Asp Ile
100 105 110

Asn Ser Tyr Glu Cys Trp Cys Pro Phe Gly Phe Glu Gly Lys Asn Cys
115 120 125

Glu Leu Asp Val Thr Cys Asn Ile Lys Asn Gly Arg Cys Glu Gln Phe
130 135 140

Cys Lys Asn Ser Ala Asp Asn Lys Val Val Cys Ser Cys Thr Glu Gly
145 150 155 160

Tyr Arg Leu Ala Glu Asn Gln Lys Ser Cys Glu Pro Ala Val Pro Phe
165 170 175

Pro Cys Gly Arg Val Ser Val Ser Gln Thr Ser Lys Leu Thr Arg Ala
180 185 190

Glu Ala Val Phe Pro Asp Val Asp Tyr Val Asn Ser Thr Glu Ala Glu
195 200 205

Thr Ile Leu Asp Asn Ile Thr Gln Ser Thr Gln Ser Phe Asn Asp Phe
210 215 220
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184

Thr
225

Gln

Tyr
305

Leu

Ala

Leu

Ser

385

Glu

Thr

Glu

Arg

Ser

465

Pro

Pro

Pro

Pro

Gln
545

<210>
<211>
<212>
<213>
<220>
<223>

Arg

Val

Asn

Lys

Thr

290

Asn

Asp

Asp

Ser

Gln

370

Thr

Gly

Glu

Glu

Tyr

450

Lys

Ser

Pro

Ile

Ser
530

Val

Val

Glu

Ile

275

Glu

Ala

Glu

Lys

Gly

355

Tyr

Lys

Gly

Val

Cys

435

Val

Ala

Asp

Ser

Leu

515

Pro

Val

Leu

Lys

260

Thr

Gln

Ala

Pro

Glu

340

Trp

Leu

Phe

Arg

Glu

420

Ala

Asn

Pro

Thr

Leu

500

Pro

Ser

<400> SEQUENCE:

tctagagtceg accccgecat geagegegtyg aacatgatca tggcagaate accaggecte

atcaccatct gecttttagg atatctacte agtgetgaat gtacagtttt tcttgatcat

gaaaacgcca acaaaattct gaatcggcca aagaggtata attcaggtaa attggaagag

Gly

Asn

245

Trp

Val

Lys

Ile

Leu

325

Tyr

Gly

Arg

Thr

Asp

405

Gly

Met

Trp

Pro

Pro

485

Pro

Gln

Arg

SEQ ID NO 32
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: CTP-modified Factor IX

1757

32

Gly

230

Gly

Ile

Val

Arg

Asn

310

Val

Thr

Arg

Val

Ile

390

Ser

Thr

Lys

Ile

Pro

470

Ile

Ser

Ser

Leu

Glu

Lys

Val

Ala

Asn

295

Lys

Leu

Asn

Val

Pro

375

Tyr

Cys

Ser

Gly

Lys

455

Ser

Leu

Pro

Ser

Pro
535

Asp

Val

Thr

Gly

280

Val

Tyr

Asn

Ile

Phe

360

Leu

Asn

Gln

Phe

Lys

440

Glu

Leu

Pro

Ser

Ser

520

Gly

Ala

Asp

Ala

265

Glu

Ile

Asn

Ser

Phe

345

His

Val

Asn

Gly

Leu

425

Tyr

Lys

Pro

Gln

Arg

505

Ser

Pro

Lys

Ala

250

Ala

His

Arg

His

Tyr

330

Leu

Lys

Asp

Met

Asp

410

Thr

Gly

Thr

Ser

Ser

490

Leu

Lys

Ser

Pro

235

Phe

His

Asn

Ile

Asp

315

Val

Lys

Gly

Arg

Phe

395

Ser

Gly

Ile

Lys

Pro

475

Ser

Pro

Ala

Asp

Gly

Cys

Cys

Ile

Ile

300

Ile

Thr

Phe

Arg

Ala

380

Cys

Gly

Ile

Tyr

Leu

460

Ser

Ser

Gly

Pro

Thr
540

Gln

Gly

Val

Glu

285

Pro

Ala

Pro

Gly

Ser

365

Thr

Ala

Gly

Ile

Thr

445

Thr

Arg

Ser

Pro

Pro

525

Pro

Phe

Gly

Glu

270

Glu

His

Leu

Ile

Ser

350

Ala

Cys

Gly

Pro

Ser

430

Lys

Ser

Leu

Lys

Ser

510

Pro

Ile

Pro

Ser

255

Thr

Thr

His

Leu

Cys

335

Gly

Leu

Leu

Phe

His

415

Trp

Val

Ser

Pro

Ala

495

Asp

Ser

Leu

Trp

240

Ile

Gly

Glu

Asn

Glu

320

Ile

Tyr

Val

Arg

His

400

Val

Gly

Ser

Ser

Gly

480

Pro

Thr

Leu

Pro
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186

-continued
tttgttcaag ggaaccttga gagagaatgt atggaagaaa agtgtagttt tgaagaagca 240
cgagaagttt ttgaaaacac tgaaagaaca actgaatttt ggaagcagta tgttgatgga 300
gatcagtgtyg agtccaatcc atgtttaaat ggcggcagtt gcaaggatga cattaattcce 360
tatgaatgtt ggtgtcecctt tggatttgaa ggaaagaact gtgaattaga tgtaacatgt 420
aacattaaga atggcagatg cgagcagttt tgtaaaaata gtgctgataa caaggtggtt 480
tgctectgta ctgagggata tcgacttgca gaaaaccaga agtcctgtga accagcagtg 540
ccatttccat gtggaagagt ttctgtttca caaacttcta agctcacceyg tgctgaggca 600
gtttttectyg atgtggacta tgtaaattct actgaagctyg aaaccatttt ggataacatce 660
actcaaagca cccaatcatt taatgacttc actcgagttyg ttggtggaga agatgccaaa 720
ccaggtcaat tcccttggca ggttgttttg aatggtaaag ttgatgcatt ctgtggagge 780
tctatcgtta atgaaaaatg gattgtaact gectgcccact gtgttgaaac tggtgttaaa 840
attacagttg tcgcaggtga acataatatt gaggagacag aacatacaga gcaaaagcga 900
aatgtgattc gaattattcc tcaccacaac tacaatgcag ctattaataa gtacaaccat 960
gacattgcecce ttcectggaact ggacgaaccc ttagtgctaa acagctacgt tacacctatt 1020
tgcattgctg acaaggaata cacgaacatc ttcctcaaat ttggatctgg ctatgtaagt 1080
ggctggggaa gagtcttcca caaagggaga tcagctttag ttcecttcagta ccttagagtt 1140
ccacttgttg accgagccac atgtcttcga tctacaaagt tcaccatcta taacaacatg 1200
ttetgtgetg gettecatga aggaggtaga gattcatgtc aaggagatag tgggggaccce 1260
catgttactg aagtggaagg gaccagtttc ttaactggaa ttattagctg gggtgaagag 1320
tgtgcaatga aaggcaaata tggaatatat accaaggtat cccggtatgt caactggatt 1380
aaggaaaaaa caaagctcac tagctccage agcaaggccce cteccccgag cctgecctee 1440
ccaagcaggc tgcctgggcec ctcectgacacce cctatcctge ctcagtccag ctectcectaag 1500
gcceccaccac ctteectgee tageccttca agactgccag gcecctagecga tacaccaatt 1560
ctgccceccagt cctcecagcag caaggctcecce ccacctagece tgcecttctece atcaaggetg 1620
cctggeccat ccgatacccece aattttgect cagagcaget ctagcaaggce acctcccccce 1680
agtctgeccct ctccaagcag actccctgge ccttcagaca ctceccattcet gecacagtga 1740
tgaggatccg cggccgce 1757

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 33
H: 583
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: CTP-modified Factor IX

<400> SEQUENCE: 33

Ser Arg Val
1

Ser Pro Gly
Glu Cys Thr
35

Arg Pro Lys
50

Asn Leu Glu
65

Asp Pro Ala Met Gln

5

Leu Ile Thr Ile Cys

20

Val Phe Leu Asp His

40

Arg Tyr Asn Ser Gly

55

Arg Glu Cys Met Glu

70

Arg

Leu

25

Glu

Lys

Glu

Val

10

Leu

Asn

Leu

Lys

Asn

Gly

Ala

Glu

Cys
75

Met Ile Met
Tyr Leu Leu

30
Asn Lys Ile
Glu Phe Val
60

Ser Phe Glu

Ala Glu

15

Ser Ala

Leu Asn

Gln Gly

Glu Ala
80
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188

Arg

Tyr

Ser

Phe

Gly

145

Cys

Glu

Ser

Asn

Gln

225

Pro

Phe

Asn
Ile
305

Asp

Lys

Gly

Arg

385

Phe

Ser

Gly

Ile

Lys
465

Pro

Ser

Glu

Val

Cys

Glu

130

Arg

Ser

Pro

Lys

Ser

210

Ser

Gly

Cys

Cys

Ile

290

Ile

Ile

Thr

Phe

Arg

370

Ala

Cys

Gly

Ile

Tyr
450
Leu

Ser

Ser

Val

Asp

Lys

115

Gly

Cys

Cys

Ala

Leu

195

Thr

Phe

Gln

Gly

Val

275

Glu

Pro

Ala

Pro

Gly

355

Ser

Thr

Ala

Gly

Ile

435

Thr

Thr

Arg

Ser

Phe

Gly

100

Asp

Lys

Glu

Thr

Val

180

Thr

Glu

Asn

Phe

Gly

260

Glu

Glu

His

Leu

Ile

340

Ser

Ala

Cys

Gly

Pro

420

Ser

Lys

Ser

Leu

Lys

Glu

85

Asp

Asp

Asn

Gln

Glu

165

Pro

Arg

Ala

Asp

Pro

245

Ser

Thr

Thr

His

Leu

325

Cys

Gly

Leu

Leu

Phe

405

His

Trp

Val

Ser

Pro
485

Ala

Asn

Gln

Ile

Cys

Phe

150

Gly

Phe

Ala

Glu

Phe

230

Trp

Ile

Gly

Glu

Asn

310

Glu

Ile

Tyr

Val

Arg

390

His

Val

Gly

Ser

Ser
470

Gly

Pro

Thr

Cys

Asn

Glu

135

Cys

Tyr

Pro

Glu

Thr

215

Thr

Gln

Val

Val

His

295

Tyr

Leu

Ala

Val

Leu

375

Ser

Glu

Thr

Glu

Arg

455

Ser

Pro

Pro

Glu

Glu

Ser

120

Leu

Lys

Arg

Cys

Ala

200

Ile

Arg

Val

Asn

Lys

280

Thr

Asn

Asp

Asp

Ser

360

Gln

Thr

Gly

Glu

Glu

440

Tyr

Lys

Ser

Pro

Arg

Ser

105

Tyr

Asp

Asn

Leu

Gly

185

Val

Leu

Val

Val

Glu

265

Ile

Glu

Ala

Glu

Lys

345

Gly

Tyr

Lys

Gly

Val

425

Cys

Val

Ala

Asp

Ser

Thr

90

Asn

Glu

Val

Ser

Ala

170

Arg

Phe

Asp

Val

Leu

250

Lys

Thr

Gln

Ala

Pro

330

Glu

Trp

Leu

Phe

Arg

410

Glu

Ala

Asn

Pro

Thr
490

Leu

Thr

Pro

Cys

Thr

Ala

155

Glu

Val

Pro

Asn

Gly

235

Asn

Trp

Val

Lys

Ile

315

Leu

Tyr

Gly

Arg

Thr

395

Asp

Gly

Met

Trp

Pro
475

Pro

Pro

Glu

Cys

Trp

Cys

140

Asp

Asn

Ser

Asp

Ile

220

Gly

Gly

Ile

Val

Arg

300

Asn

Val

Thr

Arg

Val

380

Ile

Ser

Thr

Lys

Ile
460
Pro

Ile

Ser

Phe

Leu

Cys

125

Asn

Asn

Gln

Val

Val

205

Thr

Glu

Lys

Val

Ala

285

Asn

Lys

Leu

Asn

Val

365

Pro

Tyr

Cys

Ser

Gly

445

Lys

Ser

Leu

Pro

Trp

Asn

110

Pro

Ile

Lys

Lys

Ser

190

Asp

Gln

Asp

Val

Thr

270

Gly

Val

Tyr

Asn

Ile

350

Phe

Leu

Asn

Gln

Phe

430

Lys

Glu

Leu

Pro

Ser

Lys

95

Gly

Phe

Lys

Val

Ser

175

Gln

Tyr

Ser

Ala

Asp

255

Ala

Glu

Ile

Asn

Ser

335

Phe

His

Val

Asn

Gly

415

Leu

Tyr

Lys

Pro

Gln
495

Arg

Gln

Gly

Gly

Asn

Val

160

Cys

Thr

Val

Thr

Lys

240

Ala

Ala

His

Arg

His

320

Tyr

Leu

Lys

Asp

Met

400

Asp

Thr

Gly

Thr

Ser
480

Ser

Leu



189

US 9,249,

407 B2

190

-continued
500 505 510
Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln Ser Ser Ser Ser Lys
515 520 525
Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser
530 535 540
Asp Thr Pro Ile Leu Pro Gln Ser Ser Ser Ser Lys Ala Pro Pro Pro
545 550 555 560
Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro Ile
565 570 575
Leu Pro Gln Gly Ser Ala Ala
580
<210> SEQ ID NO 34
<211> LENGTH: 1840
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CTP-modified Factor IX
<400> SEQUENCE: 34
ctagagtcga ccccgecatg cagcgegtga acatgatcat ggcagaatca ccaggectca 60
tcaccatctg ccttttagga tatctactca gtgctgaatg tacagttttt cttgatcatg 120
aaaacgccaa caaaattctg aatcggecaa agaggtataa ttcaggtaaa ttggaagagt 180
ttgttcaagg gaaccttgag agagaatgta tggaagaaaa gtgtagtttt gaagaagcac 240
gagaagtttt tgaaaacact gaaagaacaa ctgaattttg gaagcagtat gttgatggag 300
atcagtgtga gtccaatcca tgtttaaatg geggcagttyg caaggatgac attaattcct 360
atgaatgttg gtgtcecttt ggatttgaag gaaagaactyg tgaattagat gtaacatgta 420
acattaagaa tggcagatgc gagcagtttt gtaaaaatag tgctgataac aaggtggttt 480
gctectgtac tgagggatat cgacttgcag aaaaccagaa gtcctgtgaa ccagcagtge 540
catttccatg tggaagagtt tctgtttcac aaacttctaa gctcaccegt gctgaggcag 600
tttttectga tgtggactat gtaaattcta ctgaagctga aaccattttyg gataacatca 660
ctcaaagcac ccaatcattt aatgacttca ctecgagttgt tggtggagaa gatgccaaac 720
caggtcaatt cccttggcag gttgttttga atggtaaagt tgatgcattc tgtggaggcet 780
ctatcgttaa tgaaaaatgg attgtaactg ctgcccactyg tgttgaaact ggtgttaaaa 840
ttacagttgt cgcaggtgaa cataatattg aggagacaga acatacagag caaaagcgaa 900
atgtgattcg aattattcct caccacaact acaatgcage tattaataag tacaaccatg 960
acattgccct tcectggaactyg gacgaaccct tagtgctaaa cagctacgtt acacctattt 1020
gcattgctga caaggaatac acgaacatct tcctcaaatt tggatctggce tatgtaagtg 1080
gctggggaag agtcttccac aaagggagat cagctttagt tcecttcagtac cttagagttce 1140
cacttgttga ccgagccaca tgtcttcgat ctacaaagtt caccatctat aacaacatgt 1200
tctgtgetgg cttcecatgaa ggaggtagag attcatgtca aggagatagt gggggacccce 1260
atgttactga agtggaaggg accagtttct taactggaat tattagctgg ggtgaagagt 1320
gtgcaatgaa aggcaaatat ggaatatata ccaaggtatc ccggtatgtc aactggatta 1380
aggaaaaaac aaagctcact agctccagca gcaaggcccee tcccccgage ctgecctece 1440
caagcaggct gectgggeccce tcetgacacce ctatcecctgece tcagtceccage tectctaagg 1500
ctccaccacce ttcectgect agecccttcaa gactgccagg ccctagcgat acaccaattce 1560
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192

tgccccagte
ctggeecate
gtctgeccte
ctagctctaa
atacccccat
<210> SEQ I

<211> LENGT.
<212> TYPE:

ctccageage
cgatacccca
tccaagcaga
agctccacct
cttgccccag
D NO 35

H: 610
PRT

aaggctecee
attttgecte
ctcectggec
cccagectge

tgatgaggat

cacctagect gectteteca tcaaggetge
agagcagcte tagcaaggca ccteccccca
cttcagacac tccaatccte ccacagtect

ccagcectag tagactcccce ggaccttetg

cegeggecge

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: CTP-modified Factor IX

<400> SEQUENCE: 35

Arg Val Asp
1

Pro Gly Leu
Cys Thr Val
35

Pro Lys Arg
50

Leu Glu Arg
65

Glu Val Phe

Val Asp Gly

Cys Lys Asp

115

Glu Gly Lys
130

Arg Cys Glu
145

Ser Cys Thr

Pro Ala Val

Lys Leu Thr

195

Ser Thr Glu
210

Ser Phe Asn
225

Gly Gln Phe

Cys Gly Gly

Cys Val Glu

275

Ile Glu Glu
290

Ile Pro His
305

Pro Ala Met Gln Arg

Ile Thr Ile Cys Leu

Phe Leu Asp His Glu

40

Tyr Asn Ser Gly Lys

55

Glu Cys Met Glu Glu

70

Glu Asn Thr Glu Arg

85

Asp Gln Cys Glu Ser

100

Asp Ile Asn Ser Tyr

120

Asn Cys Glu Leu Asp

135

Gln Phe Cys Lys Asn
150

Glu Gly Tyr Arg Leu

165

Pro Phe Pro Cys Gly

180

Arg Ala Glu Ala Val

200

Ala Glu Thr Ile Leu

215

Asp Phe Thr Arg Val
230

Pro Trp Gln Val Val

245

Ser Ile Val Asn Glu

260

Thr Gly Val Lys Ile

280

Thr Glu His Thr Glu

295

His Asn Tyr Asn Ala
310

Val Asn Met Ile Met Ala Glu Ser
10 15

Leu Gly Tyr Leu Leu Ser Ala Glu
25 30

Asn Ala Asn Lys Ile Leu Asn Arg
45

Leu Glu Glu Phe Val Gln Gly Asn
60

Lys Cys Ser Phe Glu Glu Ala Arg
75 80

Thr Thr Glu Phe Trp Lys Gln Tyr
90 95

Asn Pro Cys Leu Asn Gly Gly Ser
105 110

Glu Cys Trp Cys Pro Phe Gly Phe
125

Val Thr Cys Asn Ile Lys Asn Gly
140

Ser Ala Asp Asn Lys Val Val Cys
155 160

Ala Glu Asn Gln Lys Ser Cys Glu
170 175

Arg Val Ser Val Ser Gln Thr Ser
185 190

Phe Pro Asp Val Asp Tyr Val Asn
205

Asp Asn Ile Thr Gln Ser Thr Gln
220

Val Gly Gly Glu Asp Ala Lys Pro
235 240

Leu Asn Gly Lys Val Asp Ala Phe
250 255

Lys Trp Ile Val Thr Ala Ala His
265 270

Thr Val Val Ala Gly Glu His Asn
285

Gln Lys Arg Asn Val Ile Arg Ile
300

Ala Ile Asn Lys Tyr Asn His Asp
315 320

1620

1680

1740

1800

1840
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-continued

194

Ile

Thr

Phe

Arg

Ala

385

Cys

Gly

Ile

Tyr

Leu

465

Ser

Ser

Gly

Pro

Thr

545

Leu

Pro

Ser

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ala

Pro

Gly

Ser

370

Thr

Ala

Gly

Ile

Thr

450

Thr

Arg

Ser

Pro

Pro

530

Pro

Pro

Gln

Arg

Ala
610

Leu

Ile

Ser

355

Ala

Cys

Gly

Pro

Ser

435

Lys

Ser

Leu

Lys

Ser

515

Pro

Ile

Ser

Ser

Leu
595

Leu

Cys

340

Gly

Leu

Leu

Phe

His

420

Trp

Val

Ser

Pro

Ala

500

Asp

Ser

Leu

Pro

Ser

580

Pro

SEQUENCE :

20

Glu

325

Ile

Tyr

Val

Arg

His

405

Val

Gly

Ser

Ser

Gly

485

Pro

Thr

Leu

Pro

Ser

565

Ser

Gly

SEQ ID NO 36
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer 101 for FIX- (CTP)2

36

Leu

Ala

Val

Leu

Ser

390

Glu

Thr

Glu

Arg

Ser

470

Pro

Pro

Pro

Pro

Gln

550

Arg

Ser

Pro

gtttagtgaa ccgtcagaat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE :

20

SEQ ID NO 37
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer 103-R for FIX-(CTP)2

37

Asp

Asp

Ser

Gln

375

Thr

Gly

Glu

Glu

Tyr

455

Lys

Ser

Pro

Ile

Ser

535

Ser

Leu

Lys

Ser

Glu

Lys

Gly

360

Tyr

Lys

Gly

Val

Cys

440

Val

Ala

Asp

Ser

Leu

520

Pro

Ser

Pro

Ala

Asp
600

Pro

Glu

345

Trp

Leu

Phe

Arg

Glu

425

Ala

Asn

Pro

Thr

Leu

505

Pro

Ser

Ser

Gly

Pro

585

Thr

Leu

330

Tyr

Gly

Arg

Thr

Asp

410

Gly

Met

Trp

Pro

Pro

490

Pro

Gln

Arg

Ser

Pro

570

Pro

Pro

Val

Thr

Arg

Val

Ile

395

Ser

Thr

Lys

Ile

Pro

475

Ile

Ser

Ser

Leu

Lys

555

Ser

Pro

Ile

Leu

Asn

Val

Pro

380

Tyr

Cys

Ser

Gly

Lys

460

Ser

Leu

Pro

Ser

Pro

540

Ala

Asp

Ser

Leu

Asn

Ile

Phe

365

Leu

Asn

Gln

Phe

Lys

445

Glu

Leu

Pro

Ser

Ser

525

Gly

Pro

Thr

Leu

Pro
605

Ser

Phe

350

His

Val

Asn

Gly

Leu

430

Tyr

Lys

Pro

Gln

Arg

510

Ser

Pro

Pro

Pro

Pro

590

Gln

Tyr

335

Leu

Lys

Asp

Met

Asp

415

Thr

Gly

Thr

Ser

Ser

495

Leu

Lys

Ser

Pro

Ile

575

Ser

Gly

Val

Lys

Gly

Arg

Phe

400

Ser

Gly

Ile

Lys

Pro

480

Ser

Pro

Ala

Asp

Ser

560

Leu

Pro

Ser
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196

ttgaggaaga tgttcgtgta 20

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer 98 for FIX- (CTP)2

<400> SEQUENCE: 38

attacagttg tcgcaggtga 20

<210> SEQ ID NO 39

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer 99-Rfor FIX- (CTP)2

<400> SEQUENCE: 39

gctggageta gtgagetttg ttttttectt 30

<210> SEQ ID NO 40

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer 100 for FIX- (CTP)2

<400> SEQUENCE: 40

gctcactage tccagcagca aggcec 25

<210> SEQ ID NO 41

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer 27-R for FIX- (CTP)2

<400> SEQUENCE: 41

ttttcactgce attctagttg tgg 23

<210> SEQ ID NO 42

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer 75

<400> SEQUENCE: 42

ctcccagtte aattacagcet 20

<210> SEQ ID NO 43

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer 122r

<400> SEQUENCE: 43
ggaaaaactg cctcagcacg ggtgagce 27
<210> SEQ ID NO 44

<211> LENGTH: 32
<212> TYPE: DNA



US 9,249,407 B2
197 198

-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer 123

<400> SEQUENCE: 44

gtgctgaggce agtttttcct gatgtggact at 32

<210> SEQ ID NO 45

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer 124r

<400> SEQUENCE: 45

caacacagtg ggcagcag 18
<210> SEQ ID NO 46

<211> LENGTH: 490

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CTP Modified FVII

<400> SEQUENCE: 46

Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro Gly Ser Leu Glu Arg Glu
1 5 10 15

Cys Lys Glu Glu Gln Cys Ser Phe Glu Glu Ala Arg Glu Ile Phe Lys
20 25 30

Asp Ala Glu Arg Thr Lys Leu Phe Trp Ile Ser Tyr Ser Asp Gly Asp
35 40 45

Gln Cys Ala Ser Ser Pro Cys Gln Asn Gly Gly Ser Cys Lys Asp Gln
50 55 60

Leu Gln Ser Tyr Ile Cys Phe Cys Leu Pro Ala Phe Glu Gly Arg Asn
65 70 75 80

Cys Glu Thr His Lys Asp Asp Gln Leu Ile Cys Val Asn Glu Asn Gly
85 90 95

Gly Cys Glu Gln Tyr Cys Ser Asp His Thr Gly Thr Lys Arg Ser Cys
100 105 110

Arg Cys His Glu Gly Tyr Ser Leu Leu Ala Asp Gly Val Ser Cys Thr
115 120 125

Pro Thr Val Glu Tyr Pro Cys Gly Lys Ile Pro Ile Leu Glu Lys Arg
130 135 140

Asn Ala Ser Lys Pro Gln Gly Arg Ile Val Gly Gly Lys Val Cys Pro
145 150 155 160

Lys Gly Glu Cys Pro Trp Gln Val Leu Leu Leu Val Asn Gly Ala Gln
165 170 175

Leu Cys Gly Gly Thr Leu Ile Asn Thr Ile Trp Val Val Ser Ala Ala
180 185 190

His Cys Phe Asp Lys Ile Lys Asn Trp Arg Asn Leu Ile Ala Val Leu
195 200 205

Gly Glu His Asp Leu Ser Glu His Asp Gly Asp Glu Gln Ser Arg Arg
210 215 220

Val Ala Gln Val Ile Ile Pro Ser Thr Tyr Val Pro Gly Thr Thr Asn
225 230 235 240

His Asp Ile Ala Leu Leu Arg Leu His Gln Pro Val Val Leu Thr Asp
245 250 255

His Val Val Pro Leu Cys Leu Pro Glu Arg Thr Phe Ser Glu Arg Thr
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-continued

260 265

Ala Phe

275

Val Phe Leu Val Ser

280

Leu Arg Ser Gly Trp Gly

285

Ala Thr Ala Glu Met Val Leu Asn

300

Leu Leu

295

Asp Arg

290

Gly

Leu Met Thr Gln Leu Gln Gln Ser Val

305

Asp Cys

310

Arg
315

Lys

Ile Thr Glu

325

Met Phe Ala

330

Pro Asn Tyr Cys Gly Tyr Ser

Lys Asp Ser Cys Ser Pro His Ala

340

Lys Gly Asp Gly

345

Gly

Thr
355

Arg Gly Trp Tyr Leu Thr Gly Ile Val Ser

360

Trp Gly

365
Ala Thr
370

Val Phe Val Thr Val

380

Gly His Gly Ser

375

Tyr Arg

Glu
385

Gln Met Glu Pro Pro

395

Leu Ser

390

Trp Leu Lys Arg Arg

Ala Phe

405

Ser Ala Pro

410

Leu Arg Pro Pro Ser Ser Ser Lys

Pro Ser Leu Pro Pro Ser Thr

420

Leu Pro Ser Arg Gly

425

Asp

Gln Ala

440

Leu
445

Ser Ser Ser Ser Pro Pro Pro Ser

435

Pro Lys

Thr Ile Leu Pro

460

Ser Pro

455

Ser Arg Leu Pro Pro

450

Gly Asp

Ala Ser Pro Ser

475

Pro Pro Ser Leu Pro

470

Ser Ser Pro

465

Lys

Thr
485

Ile Gln

490

Gly Pro Ser Asp Pro Leu Pro

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 47

LENGTH: 38

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: FVII signal peptide
<400> SEQUENCE: 47

Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu Leu Leu
1 5 10

Gly Cys Leu Ala Ala Val Phe Val Thr Gln Glu Glu Ala
20 25

Leu His Arg Arg Arg Arg
35

270

Gln

Val

Gly

Asp

Thr

350

Gln

Gln

Gly

Pro

Pro

430

Pro

Gln

Arg

Gly

His
30

Leu Leu

Pro

Arg

Ser
320

Asp

Gly Ser

335

His Tyr

Gly Cys

Tyr Ile

Val Leu

400
Pro Ser
415

Ile Leu

Ser Pro
Ser

Ser

Pro
480

Leu

Leu Gln
15

Gly Val

What is claimed is:

1. A method of reducing excessive bleeding in a subject, the
method comprising the step of administering a pharmaceuti-
cal composition comprising a CTP-modified activated Factor
VII (FVIIa) polypeptide to the subject, wherein said CTP-
modified activated Factor VII (FVIla) polypeptide comprises
a FVII polypeptide and three to five chorionic gonadotropin
carboxy terminal peptides (CTPs) attached to the carboxy
terminus of said CTP-modified FVII polypeptide, thereby
reducing excessive bleeding in said subject.

2. The method of claim 1, wherein the sequence of said
modified Factor VII (FVII) polypeptide CTP-modified acti-

55

60

65

vated Factor VII (FVIIa) polypeptide is selected from the
group consisting of SEQ ID NO: 25, 27, 29, and 46.

3. The method of claim 1, wherein the sequence of at least
one CTP is SEQ ID NO: 1 or SEQ ID NO: 2.

4. The method of claim 1, wherein at least one CTP is
glycosylated.

5. The method of claim 1, wherein at least one CTP is
truncated.

6. The method of claim 1, wherein at least one CTP is
attached to said activated Factor VII (FVIla) polypeptide via
a linker.

7. The method of claim 6, wherein said linker is a peptide
bond.
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8. The method of claim 1, wherein the subject is a human
child.

9. The method of claim 1, wherein said administering is via
the subcutaneous route.

10. The method of claim 1, wherein said administering is
via the intravenous route.

11. The method of claim 1, wherein said subject is afflicted
with hemophilia.

12. The method of claim 1, wherein said subject is afflicted
with vitamin K deficiency.

13. The method of claim 1, wherein said polypeptide fur-
ther comprises a signal peptide.

14. The method of claim 13, wherein said signal peptide is
set forth in SEQ ID NO: 47.

15. A method of reducing excessive bleeding in a subject,
the method comprising the step of administering to the sub-
ject a pharmaceutical composition comprising a CTP-modi-
fied Factor IX (FIX) polypeptide, wherein said CTP-modified
Factor IX (FIX) polypeptide comprises a FIX polypeptide
and three to five chorionic gonadotropin carboxy terminal
peptides (CTPs) attached to the carboxy terminus of said
CTP-modified Factor IX (FIX) polypeptide, thereby reducing
excessive bleeding in said subject.

10

15

20
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16. The method of claim 15, wherein the sequence of said
CTP-modified coagulation factor polypeptide is SEQ ID NO:
31.

17. The method of claim 15, wherein the sequence of at
least one CTP is ID NO: 1 or SEQ ID NO: 2.

18. The method of claim 15, wherein at least one CTP is
glycosylated.

19. The method of claim 15, wherein at least one CTP is
truncated.

20. The method of claim 15, wherein at least one CTP is
attached to said Factor IX (FIX) polypeptide via a linker.

21. The method of claim 15, wherein said linker is a peptide
bond.

22. The method of claim 15, wherein the subject is a human
child.

23. The method of claim 15, wherein said administering is
via the subcutaneous route.

24. The method of claim 15, wherein said administering is
via the intravenous route.

25. The method of claim 15, wherein said subject is
afflicted with hemophilia B.
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